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EXECUTIVE SUMMARY 
The document reports on Phase 1 of a definition study to appraise the options to 
develop fish tracking equipment, in particular tags and data logging systems, in order 
to improve the efficiency of NRA tracking studies and to obtain a greater 
understanding of fish biology. It collates and evaluates all the known tracking systems 
that may be suitable for studies of fish which are either produced commercially or have 
been constructed for specific in-house studies. 
The tracking equipment is described under the headings of: radio telemetry; acoustic 
telemetry; combined acoustic and radio telemetry; high resolution positioning fixing; 
data storage and archival tags; telemetry and sensors; rniniaturisation; satellite tracking; 
and other potential fish tracking systems. 
Each piece of equipment is evaluated based upon a number of criteria. These are that 
the equipment appears to meet the specification outlined in the terms of reference; the 
equipment is commercially available or likely to be available in sufficient quantities for 
the NRA's requirements; there is adequate technical and after-sales support from the 
manufacturer; and assessments by users of the equipment are favourable. Each 
evaluation is based upon information provided by commercial manufacturers, published 
reports/scientific journals and assessments by individuals with experience of the 
equipment. 
The tracking equipment that is considered suitable for further more extensive 
evaluation in Phase 2 of the project is listed. The specifications for full evaluation of 
the equipment is categorised into laboratory tests, field trials and biological evaluation. 
The outline costs for the purchase of the equipment is also listed together with the staff 
time required to fully evaluate the equipment during Phase 2 of the project. 
Key words: Fish; tracking; telemetry; radio; acoustic; transmitters; data logging 
systems; archival tags; position fixing; miniaturisation. 
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1. INTRODUCTION. 
1.1 Background and Terms of Reference 
This report is produced as part of the project entitled "Fish Tracking Developments". 
The overall project objective is stated in the terms of reference of the study thus:-
" To undertake a definition study to appraise the options to develop fish tracking 
equipment, in particular tags and data logging systems, in order to improve the 
efficiency of NBA tracking studies and to obtain a greater understanding offish 
biology". 
The specific task covered by this report is stated in the terms of reference and relates 
to Phase 1 of the project thus:-
• "To undertake, by means of a desk study, a review of currently available systems 
(including both UK and non-UK technologies) of potential use in addressing the 
principal areas of interest outlined [see section 6 of the terms of reference of the 
contract]. The review must provide information relating to equipment availability 
and use (that is hardware and software necessary to provide complete systems, 
including signal processing, data archiving and data analysis packages). The review 
must include appraisals of currently utilised radio and acoustic position-fixing 
systems and briefly discuss likely technological advances in the longer term as well 
as concentrating on the following areas of development: 
(i) The precision of position fixing including both transponding tags and High 
Resolution Tracking (HRT). 
(ii) The measurement and telemetry of environmental parameters and fish's 
physiological state. 
(iii) The storage of environmental and positional data by the use of tags. 
(iv) The miniaturisation of tags and sensors, which are still too large for extended 
tracking of small fish. 
(v) The maximising of numbers of simultaneous tracks from uniquely identifiable 
tags. 
• Produce an Interim Report which covers the results of the desk study and includes 
the justification and costings for any proposals for field/laboratory trials and/or 
visits overseas to evaluate equipment (Phase 2) where an existing assessment in 
relation to the NRA's requirements is not already available to the contractor by 30 
April 1994". 
1.2 Sources of information and scope of this report 
This report reviews all the tracking equipment known to the contractors that may be 
applied to fishery studies. There were two principal sources of tracking equipment; 
commercial manufacturers who produce and design equipment for general sale, and 
individuals/research organisations who develop tracking equipment for in-house 
studies. This review has attempted to include both and to highlight where equipment is 
commercially available or where it may be in limited supply, or unavailable to outside 
organisations. There is no single manufacturer who produces telemetry equipment in 
sufficient quantity or variety to support all the NRA's requirements. Each specialise in 
one or more particular area, be it general radio or acoustic wildlife telemetry or more 
specialised applications such as satellite or geographic position fixing. 
The general approach of this report has been to attempt to obtain information and 
specifications on all tracking equipment and, where available, comments and 
assessments from individuals and research organisations who have used the equipment 
to track fish in the field. The review has been based upon the information provided by 
commercial manufacturers (Annexes 1 and 2), in the form of product information 
sheets, and descriptions of equipment from published papers. The quality and detail of 
information obtained from commercial manufacturers varied considerably and 
different manufacturers used different specifications to describe equipment. In certain 
instances, it has been difficult to make direct comparisons and appraisals of products 
due to these differences. Where this occurred additional information was requested but 
was not always provided. In this review the specifications and operational capabilities 
of the equipment has been taken on trust from the information provided. A number of 
commercial manufacturers did not provide any details on their products, and this has 
been taken into account and noted in the review. 
The quality and detail of information obtained from the users of tracking equipment 
(Annexes 3, 4 and 5) also varied considerably. Many did not reply to the requests for 
information, while others provided very detailed assessments of certain equipment. 
Where information was available, the users often had experience of only one 
manufacturers equipment. Comparison between different equipment is therefore 
lacking. Where information has been provided on tracking equipment this has been 
included in the appropriate section. 
This review has based the evaluation of the available tracking equipment for use by 
the NRA on a number of criteria: 
• The equipment appears to meet the specifications outlined in the terms of 
reference. 
• The equipment is commercially available or is likely to be available in sufficient 
quantity for the NRA's requirements. 
• There is adequate technical and after-sales support from the manufacturer. 
• Assessments by users of the equipment are favourable. 
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Certain equipment covered by this review is not manufactured commercially or is not 
generally available in sufficient quantities to support the NRA's needs. This equipment 
has not been considered for further evaluation. 
2. RADIO TELEMETRY 
2.1 Introduction 
The majority of fish tracking studies undertaken in freshwater use radio tags. This 
approach is suitable for NRA studies of fish movement in freshwater in relation to 
defining both the freshwater flows required to maintain in-river migrations and the 
habitat requirements of migratory salmonids. 
Radio tags emit electromagnetic energy within the VHF band at frequencies between 
30-200 MHz. In the UK, radio frequencies from 173.7 - 174.0 MHz are reserved for 
medical and biological telemetry. All tags that are used in the UK for tracking studies 
must operate within these approved Department of Trade and Industry (DTI) 
frequencies and must also be type-approved by the DTI. 
There are a number of advantages in using radio tags in the VHF band for tracking 
studies. Firstly, it is the highest frequency at which simple crystal oscillators can be 
used to generate the carrier frequency directly. The most simple crystal-controlled tags 
can therefore be made with less than ten components and can weigh less than 1 g. 
Secondly, smaller receiving aerials can be used to detect the signals. Aerial size is 
directly proportional to wavelength, a dipole aerial operating at 200 MHz is 0.75 m 
high, whereas at 30 MHz a dipole aerial is 5 m high. At frequencies between 100 and 
200 MHz practical, and portable, directional aerial can be built with a typical beam 
width of 8°. In North America fish tracking studies have traditionally been carried out 
using frequencies in the 30, 40 and 50 MHz range. However, recent studies have 
shown that the use of higher frequencies in the VHF band (150 - 176 MHz) give 
considerably better results and many radio tags produced by North American 
companies are now also produced at these higher frequencies. 
Radio waves penetrate through freshwater, and can therefore be detected by aerials in 
air. The signal is, however, attenuated by the water between the tag and the surface. 
The degree of attenuation will depend upon the radio frequency and water 
conductivity. This leads to a reduction in range of detection depending upon the depth 
of the water. Radio tags are most useful in shallow rivers where acoustic noise and 
entrained air bubbles prohibits the use of acoustic tags. The detection range of radio 
waves once they have emitted from the water surface is normally good (range up to 
1.5 km). However, the range of detection is variable and is dependant upon a number 
of factors including the power output of the tags, the aerial and the line of site from tag 
to receiving aerial. 
Radio tags cannot usually be used in saltwater due to the very rapid attenuation of the 
signal, although they have been used in studies of animals (basking sharks and marine 
mammals) moving near the surface of the sea. However, detection requires that the tag 
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to be above or very close to the surface of the water, and is thus usually intermittent. 
Detection is not possible when the animal is at depth. 
At its simplest, radio tracking consists of attaching a radio tag to a fish and then 
following the animal using a hand-held directional aerial and a receiver (possibly with a 
set of headphones). The radio tag identifies the individual fish by virtue of its frequency 
and pulse rate. Bearing is determined by listening for peaks and nulls in the signal level 
(depending upon aerial design) as the aerial is rotated. Fish location is determined from 
a series of bearings. More sophisticated automatic systems for logging the movements 
of fish past fixed locations are also now widely used . 
Radio signals are also used in satellite transmitters or platform transmitter terminals 
(PTTs) where the signals are detected by the US/French Argos system with receivers 
carried on board the NOAA series of satellites (see section 9). 
2.2 Radio transmitters 
There are a wide variety of commercially available radio transmitters specifically 
designed to track fish. 
All the transmitters commercially available in the UK are DTI type-approved and 
generally operate at the approved Medical and Biological frequencies. A number of 
overseas manufacturers produce transmitters that can operate at the UK frequencies 
but do not have type-approval for their products. Use of these transmitters in the UK 
would therefore require that the manufacturer or operator obtain the relevant 
certification. 
The principle criteria for the selection of a radio tag for use on a fish is that the tag 
does not effect the behaviour or survival of the animal. The size, shape and weight of 
the tag needs to be considered. One of the largest and heaviest components in most 
tags is the battery and so there is a trade off between power output (i.e. range), 
operating life and size/weight. The size and shape of the tag will also affect the drag if 
it is attached externally and will be important factors in how easily the tag may be 
inserted into the stomach or body cavity. There is no hard and fast rule relating the 
maximum weight of the tag with the size or weight of fish. It is now widely accepted 
that before tracking any fish, the effects of the tag together with the method of 
attachment should be fully assessed. 
The range of a tag is often difficult to assess as it is dependent upon a wide range of 
interacting factors. These include power output, aerial type, attachment and 
orientation, dimensions, size and type of receiving aerial line of sight, and depth and 
characteristics of the water. Comparisons between tags are therefore often misleading. 
The Effective Radiated Power (ERP) provides a comparable measure but it is rarely 
quoted by manufacturers. The suitability of a tag for a particular study will often 
necessitate testing the tag in the field. 
Tags can be constructed with a whip (trailing) or a coiled (internal) aerial to transmit 
the signal to the receiver. Whip aerials, in general, have higher power output, and 
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therefore greater range and are less directional. However, when the tags are attached 
externally, whip aerials can increase the risk of entanglement within the aquatic 
environment. Tags that are inserted into the stomach or surgically implanted into the 
body cavity require that the aerial remains on the outside of the fish. Normally during 
stomach insertion the aerial is threaded through the last gill arch opening and allowed 
to trail alongside the fish. When the tag is implanted into the body cavity a needle is 
pushed through the flank of the fish and the aerial threaded through to the outside. 
This technique may increases the risk of irritation and infection associated with 
implantation. 
Coiled or loop aerials generally have lower power output, are more directional but are 
less awkward. Standard whip aerials may be coiled and encapsulated into the tag by 
the manufacturers but this results in significantly reduced range. Coiling a whip aerial 
and encapsulating it within the tag may reduce the power output by 25 dB. A 
reduction in power of 6 dB effectively halves the original range that the tag could be 
detected. Specifically tuning the internal coiled aerial will however increase its 
efficiency. In North America, whip aerials have generally been used to maximise the 
range of the tags during tracking studies in extensive river systems. In UK studies 
range may not be such a significant consideration and therefore coiled internal aerials 
are favoured under most conditions. 
For the majority of fish tracking studies in the UK it is therefore advisable to use radio 
tags with internal aerial that can be implanted into the stomachs or body cavity of the 
fish. It is now widely accepted that the most suitable method of attachment of tags in 
feeding fish is within the body cavity. However, in spawning fish and where an external 
environmental parameter is to be telemetered, alternative methods of attachment will 
be necessary. 
There are two basic types of radio tags that are used to track fish. These are pinger and 
coded tags. 
2.2.1 Radio pinger transmitters 
Pinger radio tags emit pulses at predeterroined rates (20-120 beats per minute -bpm). 
A combination of the pulse rate and frequency of the tag is normally used to identify 
individual fish. Thus using 10 different pulse rates on each of 10 radio frequencies 
allows 100 fish to be uniquely identified. Most manufactured radio tags for fish 
tracking are of this type. They are currently used by the NRA and other organisations 
for many tracking studies in the UK and would be appropriate for many of the NRA's 
requirements in the future. 
i. Advanced Telemetry Systems, Inc. (USA) 
ATS produce a range of radio tags that are suitable for use on fish (Table 1). The tags 
all operate within the frequencies 30-220 MHz which encompass the UK DTI 
approved frequency for Medical and Biological Telemetry. However, to our 
knowledge none of the products is DTI type-approved for use in the UK In Europe 
ATS tags have been used successfully to track barbel, Atlantic salmon (adults and 
smolts) and sea trout. The researchers contacted were pleased with the transmitters 
which appeared to have no visible effects on behaviour and survival of Atlantic salmon 
and barbel. There were however some reservations in using the intermediate sized 
transmitters on smaller sea trout. In addition, the life of the transmitters often exceeded 
the manufactures stated figure. This caused problems in studies on the seasonal 
migration of salrnonids. 
ATS produce Standard, Miniature and Implantable tags for use on fish. 
• The Standard tags are available in 10 sizes ranging from 33 to 56 mm in length and 
9 to 135 g in weight. The tags are powered by a 3 volt hthium battery with a built 
in magnetic "on -off' switch. These tags have a life of between 45 days and 40 
months depending upon the model. Models are also available that will increase life 
but reduce range. All tags have a whip aerial which may be cut to the desired 
length, although this may affect range. 
These tags have an external whip aerial and are not considered for further 
evaluation. 
• The Miniature tags range in length from 13 to 22 mm and 1 to 3.2 g in weight and 
may be attached internally or externally to fish. They have whip aerials but these 
may be replaced with a small coiled aerial which will reduce the effective range. 
Battery life varies from 7-75 days in the smallest tag to 75-150 days in the largest 
tag. 
• The tags are relatively small, have an internal aerial and have been used extensively 
for fish tracking. They are considered suitable for further evaluation. 
• The Implantable tags are designed to be inserted into the stomach or body cavity of 
the fish and have a coiled aerial which is encapsulated in biologically inert resin. 
The coiled aerial effectively reduces the range of detection of the tags. The 
Implantable tags range in length from 63 to 116 mm and 13 to 160 g in weight. 
• The tags have an internal aerial and are considered suitable for further evaluation. 
ii. Biotrack (UK) 
Biotrack produce a range of implantable and "backpack" tags which may be used on 
fish (Table 1). The tags operate at the frequencies 173.2 - 173.35 MHz and 173.7 -
174 MHz and are DTI type-approved. 
• The implantable tags range in length from 13 to 44 mm and 0.9 to 21 g in weight. 
Typical battery life ranges from 4 days to 2.5 years depending upon the model 
chosen. All the tags have an internal tuned coiled aerial and must be coated with a 
physio-compatible compound by the user, before implantation into a fish. The 
smaller tags have ranges that are measured in tens of metres. 
• The tags are DTI type approved for use in the UK and may be suitable for studies 
of juvenile fish in small streams. They are thus considered suitable for further 
evaluation. 
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• The "backpack" tags have whip aerials, are attached externally and range from 9 
to 68 mm in length and 0.7 to 80 g in weight. Typical battery life ranges from 3 
days to 6 years depending upon the model chosen. 
• The tags have limited range, require external attachment and are thus not 
considered suitable for further evaluation. 
iii. Custom Electronics of Urbana, Inc. (USA) 
Custom Electronics of Urbana, Inc. manufacture a wide range of radio tags for wildlife 
tracking. The tags all operate within the frequencies 30-250 MHz which encompass 
the UK DTI approved frequency for wildlife telemetry. However, to our knowledge 
none of the products is DTI type-approved for use in the UK A number of these tags 
may be suitable for use on fish but detailed specifications are not available as each tag 
is custom made for a particular study. Implantable tags are available which have 
internal tuned coiled aerials. 
• The manufacturer provided very little detailed information on these tags. As a 
result they are not considered for further evaluation. 
iv. Holohil Systems Ltd. (Canada) 
Holohil Systems Ltd manufacture custom made tags designed for a particular animal 
and environment (Table 1). The majority of tags are produced for use on mammals and 
birds but the smallest tags may have an application on fish. The tags operate at 
frequencies between 130 to 235 MHz and are not DTI type-approved for use in the 
UK The tags range in length from 9 to 21 mm in length and 0.65 to 3.8g in weight. 
They have stainless steel whip aerials and the tags are designed to be attached 
externally. 
• The tags have external aerials and require external attachment. They are thus not 
considered for further evaluation. 
v. Lotek Engineering Inc. (Canada) 
Lotek produce a range of standard and mini radio tags for fish which operate within 
the frequencies 30-250 MHz with a normal frequency separation of 10 kHz (Table 1). 
These frequencies encompass the UK DTI approved frequency for wildlife telemetry 
but none of the products is DTI type-approved for use in the UK The operational life 
of these tags is guaranteed and will vary depending upon pulse rate, pulse width, 
output power and battery selection. The tags have whip aerials, the length and material 
of which vary with type of tag. These aerials may be coiled and encapsulated but there 
will be a significant decrease in the range and a slight increase in the length of the tag. 
Lotek tags have been used attached both externally and internally in a wide range of 
fish species from sturgeon to salmon smolts. 
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• The standard tags have been widely used in conventional telemetry studies 
employing manual tracking. The standard tags range in size from 40 to 80.4 mm in 
length and from 10.3 to 86.6 g in weight. The life of the tags is measured in 
months dependant upon pulse rate, and long-life tags are available which have an 
operational life of 36 months. 
• The mini tags (FSM Series) utilise a custom integrated circuit to provide constant 
pulse rates for optimal operating life. This allows the tags to be used more 
effectively with an automatic receiving system with a narrow pulse rate 
^crimination window. Several tags on one frequency can be used with the 
minimum of overlapping pulse rates. The tags have whip aerials the length of which 
vary with type of tag. These aerials may be coiled and encapsulated but there will 
be a significant decrease in the range and a slight increase in the length of the tag. 
The tags range in size from 21.8 to 55 mm in length and 1.9 to 8.9 g in weight. The 
life of these tags, depending upon battery power and pulse rate, are between 7 days 
and 24 months. 
• The tags are relatively small have an internal aerial and have been used extensively 
for fish tracking, They are considered suitable for further evaluation. 
vi. Mariner Radar (UK) 
No details provided. 
vii. MAFF (England) 
MAFF have developed two radio tags (Models SAL 3 and SAL 4), specifically to 
study fish behaviour (Table 1). The tags are now built commercially by H.S. 
Electronics, Norwich under MAFF licence. The SAL 3 radio tag has been widely used 
in the UK, by the NRA, Scottish Office and MAFF, to study migratory salmonids. The 
tags operate in the frequency ranges 173.2 to 173.5 MHz and 173.7 to 174.0'MHz 
with a normal frequency separation of 5 kHz. The tags are DTI type-approved for use 
in the UK 
• The Model SAL 3 tag is 52 mm in length and 15 mm in diameter and weighs 13.2 
g in air. The tag has a nominal 40 ms pulse duration and pulse rate can be set 
between 20 and 120 pulses per minute. The circuit is powered by a 1-SAFT LS3 
hthium cell with an operational life of around 9 months. The tag has a specially 
constructed internal tuned coiled resonant aerial. This construction gives an omni-
directional signal and maximises the efficiency of the aerial. The tag has been used 
successfully under a range of conditions in a number of studies in UK rivers. 
• The Model SAL 4 tag operates in the same frequency ranges as the SAL 3 but is 
smaller, measuring 27 mm in length, 9.7 mm in diameter and weighing 2.7 g. The 
circuit is powered by a silver oxide battery and operating at a pulse rate of 42 bpm 
a life of around 12 days. The SAL 4 tag has been used to study the behaviour of 
small sea trout. 
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• The MAFF radio tags have been used widely in the UK and an assessment of the 
tags is already available to the contractors. 
viii. Sirtrack Ltd. (New Zealand) 
Sirtrack manufacture a wide range of radio tags for wildlife telemetry (Table 1). The 
tags operate on frequencies between 30-200 MHz but are not DTI type approved for 
use in the UK No technical details or specifications were provided by the 
manufacturers. 
• The manufacturer provided very little detailed information on these tags. They are 
not considered for further evaluation. 
ix. Smith-Root, Inc. (USA) 
Smith-Root, Inc. manufacture radio tags specifically designed for fish tracking (Table 
1). The tags operate in the frequency range of 40.6 to 40.69 MHz but other 
frequencies between 30 and 50 MHz can be supplied. The tags are not DTI type-
approved for use in the UK and do not operate at the Medical and Biological 
frequency band. There are 5 models which range in size from 55 to 96 mm and 13 to 
45 g in weight. The tags have whip aerials and are attached either externally or 
internally. Tags are available with an internal coiled aerial although this reduces the 
effective range. 
The tags operate at a frequency which is unsuitable for use in the UK They are 
therefore not considered suitable for further evaluation. 
x. Televilt. (Sweden) 
Televilt manufacture a wide range of radio equipment for tracking wildlife (Table 1). 
They are the major manufacturers of radio tracking equipment used in Scandinavian 
countries. The transmitters are custom designed and operate in the frequency range 
140 to 230 MHz. They are not DTI type-approved for use in the UK The tags range 
in size from 9 to 40 mm in length and 1 to 25 g. The smallest has a whip aerial but the 
larger versions have the option of either an internal coiled or external whip aerial. For 
studies on fish, the tags are either attached via a saddle to the dorsal musculature or 
inserted into the stomach or body cavity. 
• The tags are relatively small in size and have an internal aerial. They are thus 
considered suitable for further evaluation. 
xi. Telonics, Telemetry Electronics Consultants. (USA) 
Telonics manufacture a wide range of custom designed radio equipment for wild life 
tracking (Table 1). Radio tags specifically designed for fisheries studies are produced 
which operate in the frequency range 142 to 180 MHz, although other frequencies are 
available. Although tags have been produced in the 173 MHz frequency range for use 
in studies in the UK, it is not clear whether they had DTI type-approval. Three models 
are available and the tags range in size from 32 to 108 mm in length and 15 to 220 g in 
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weight. All tags have external whip aerials although internal coiled aerials are available. 
The tags can be configured for stomach or body cavity implantation as well as external 
attachment. Implanted tags are covered with a physiologically inert compound. The 
tags have been used to study fish such as char, grayling, salmon, bass and sturgeon. 
• The tags are relatively small in size and can have internal aerials. They are therefore 
considered suitable for further evaluation. 
xii. Wildlife Materials Inc. (USA) 
Wildlife Materials Inc. custom build a wide range of radio tags for wildlife studies 
(Table 1). A number of implantable tags are produced of varying specifications which 
are suitable to be used in fishery studies. The tags operate in the frequency range 40 to 
222 MHz depending upon the choice of the user. These frequencies encompass the UK 
DTI approved frequency for wildlife telemetry but none of the products is DTI type-
approved for use in the UK The tags range in size from 9 to 83 mm in length and 0.6 
to 110 g in weight. The implantable tags have an internal tuned coiled aerial, but 
external whip aerials are available. Depending upon the model and power output, the 
operational life of the tags range from 32 days to 75 months. Typical species that the 
tags have been used to study include catfish and salmon. 
A researcher with experience of these tags expressed a number of reservations 
concerning their weight, life span and suitability for tracking fish. As a result they 
are not considered suitable for further evaluation. 
xiii. Custom Telemetry & Consulting, Inc. (USA) 
Custom Telemetry & Consulting, Inc. produce a range of custom built radio 
tags for wild life studies (Table 1). All equipment is constructed after consultation 
with the user concerning the characteristics of the species and the conditions under 
which it is to be studied. Implants for use on fish are available, but further details on 
the products were not provided. 
Q The manufacturer provided very little detailed information on these tags. They are 
not considered for further evaluation. 
2.2.2 Coded radio transmitters 
The maximum number offish that can be confidently identified with pingertags 
depends upon the number of separable pulse rates and frequency bands, but may be up 
to about 400. An alternative method to maximise the number offish that may be 
tracked simultaneously is to use tags with their own unique identifiable code. The tags 
optimise use of limited frequency space and minimise sampling time required to obtain 
data on each animal. Coded radio tags would permit more fish to be uniquely 
identifiable than is possible with pinger tags. This would simplify tracking programmes 
and allow fish marked in separate experiments to be distinguished. This is not an 
urgent requirement for NRA tracking programmes but would have some advantages. 
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The only coded radio tag that is currently available is manufactured by Lotek 
Engineering Inc. 
i. Lotek Coded Tag (Canada) 
These tags are digitally encoded which provide unique identification, which is 
consistent, exact and distinct for each animal whether it be in manual or automatic 
tracking applications. The tags operate in the same range of frequencies as other Lotek 
tags (see section 2.2. l.v) and are not DTI type-approved for use in the UK The 
current codes permit up to 170 animals per frequency reducing the scan time. There 
are 12 models with different configurations (Table 2), and they range in size from 23 to 
83 mm in length and 2.2 to 29 g in weight. Each has a whip aerial but this may be 
coiled and encapsulated. 
• The coded tags have been used to study the migratory behaviour of salmonids in a 
number of North American rivers. Up to 1500 fish tagged with the coded tags have 
been released into a river system in a single season. The tags appear suitable for 
use by the NRA in fish tracking studies and are considered for further evaluation. 
2.3 Summary of evaluation of radio transmitters 
The evaluation of the radio tags has also been based on the considerations outlined in 
section 2.2. Where a standard whip aerial is coiled and encapsulated, the range of the 
tag will be reduced but may still be suitable for field-based studies. Only the MAFF 
(England) and Biotrack (UK) tags are DTI type-approved for use in the U K all others 
would each require certification. The MAFF radio tags meet the requirements for 
studies of larger fish proposed by the NRA and have been used widely in the UK An 
assessment of these tags is already available to the contractors. 
The other radio tags that are considered suitable for further evaluation are: 
• The Advanced Telemetry Systems, Inc. (USA) Miniature and Implantable Tags 
(see section 2.2.1. i). 
• The Biotrack (UK) Implantable Radio Tags (see section 2.2. l.ii). 
• The Televilt (Sweden) Radio Tags (see section 2.2.1.x). 
• The Telonics (USA) Radio Tags (see section 2.2.1.xi). 
• The Lotek (Canada) Mini Tags (FSM Series) and the Coded Radio Tag (see 
sections 2.2. l.v and 2.2.2.i). 
2.4 Radio receivers 
The majority of commercially available radio receivers that operate in the VHF band 
are suitable for tracking studies. Radio receivers that are specifically designed for 
wildlife tracking are generally of two types. The first is the hand-held receiver used for 
manual tracking. The second is the automatic or data logging receiver which is 
programmed to scan through specific frequencies and may also store records of the tag 
signal and identity. For studies in the UK suitable receivers must cover the frequencies 
173.7 to 174 MHz, which is the band allocated for Medical and Biological Telemetry. 
Important features to be considered in any receiver for use in the types of studies 
undertaken by the NBA are: 
1. The operating frequency range. A minimum range of 300 kHz is preferable to fully 
utilise the available space designated between 173.7 - 174 MHz. 
2. The ability to tune the receiver in 100 Hz-1 kHz steps. This is also to fully utilise the 
available space designated between 173.7 - 174 MHz. 
3. The value of the minimum discernible signal (measured in dBm). This provides an 
indication of the sensitivity of the receiver. The lower the value the more sensitive the 
receiver. A signal of -145 dBm is easily detectable by ear, a signal of-150 dBm is 
around the limit of detection. 
4. Noise (measured in dB). The higher the figure the more difficult it is to discern the 
signal. A figure of 3 dB is generally adequate. 
5. Frequency stability. Measured in kHz this indicates how much the frequency of a 
receiver may drift. The lower the value the better. 
6. Operating voltage and battery operating lifetime. Receivers that operate at mains 
voltage are more limited for field studies. 
7. Size and weight. Receivers must be suitable for carrying in difficult terrain. 
8. General ruggedness and waterproofing. Receivers should tolerate damp conditions 
and rough handling. 
9. Cost. 
10. Programmable memory. A programmable memory is required for the majority of 
studies. 
2.4.1 Manual (hand-held) radio receivers 
A wide variety of hand-held radio receivers are available and could be adapted for use 
for fish tracking. This is the case with the Yaesu receiver currently widely used in the 
UK All NRA radio tracking programmes will require some hand-held receivers. The 
following section considers only receivers that have been purpose-designed for animal 
tracking or modified for this purpose. 
i. Advanced Telemetry Systems, Inc. (USA) 
• The Fieldmaster 16 Channel Receiver features 16 user-selectable 10 kHz channels 
in the 140-218 MHz frequency range (Table 3). The minimum discernible signal is 
-150 dBm. The operating voltage ranges from 9-18 volts DC and the receiver is 
powered by 10 replaceable "AA" batteries which give up to 30 hours use. There is 
also the option of using rechargeable NiCad batteries. The receiver is 10 cm wide x 
14 cm long x 9 cm high and weighs 1 kg. It has a protective padded case, carry 
straps and an attenuator for reducing signal strength at close range. 
• The users of this receiver found it efficient and reliable for the purposes of their 
studies and would recommend its use under similar field conditions. The receiver 
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was also considered relatively inexpensive. The receiver appears to be suitable for 
use by the NRA. However, the 160 kHz range only encompasses half the space 
that is available in the UK for tracking studies which may limit some studies. 
• The R2000 receiver is able to scan over any specified 2 MHz frequency range from 
30 to 220 MHz (Table 3). The receiver is tuned in 1 kHz steps. The minimum 
discernible signal is -150 dBm and the frequency stability is ± 1 kHz between -
20°C and +50°C. The maximum noise value is 3 dB and the impedance is 50 ohm. 
The R2000 can be powered by, an external 12 V DC battery or its own built-in 
NiCad battery pack for up to 8 hours use. The receiver is 21 cm long x 11 cm wide 
x 18 cm high and weigh 2.3 kg. The receiver is built to withstand heavy field use 
and extreme environmental conditions, and the large 1.2 cm LCD display is back 
lighted for night use. 
• This receiver appears to be suitable for use by the NRA for fish tracking studies. 
ii. Lotek Engineering Inc. (Canada) 
• The STR_1000 programmable receiver is able to scan over any specified 2 or 4 
MHz (5 MHz optional) frequency range between 30-220 MHz (Table 3). The 
receiver is tuned in 1 kHz steps. The minimum discernible signal is -150 dBm and 
the receiver is powered by an external 12 V DC battery or its own battery pack 
with an operating life of up to 12 hours. The STR_1000 is available in 3 
configurations with either 2, 4 or 8 memory tables each of which can be scanned 
separately. All configurations display signal strength and gain and two display pulse 
rate/interval in beats per minute/ milliseconds. The receivers are 20 cm wide x 18 
cm long x 9 cm high and weigh 2.2 kg. 
• The receiver appears to be suitable for use by the NRA for fish tracking studies. 
iii. Telonics, Telemetry-Electronics Consultants (USA) 
• The TR-2 radio receiver can be tuned for operation within any specified 2 MHz 
frequency range between 148 to 218 MHz (Table 3). The receiver is tuned in 10 
kHz steps. The rninimum discernible signal is -150 dBM and the frequency stability 
is ± 100 Hz. The maximum noise value is 2.5 dB and the impedance is 50 ohm. 
The TR-2 is powered by an external 12 V DC battery or two 9 V alkaline batteries 
which give 18 hours of operational life. The receiver is 18 cm wide x 11.7 cm long 
x 5.1 cm high and weighs 0.86 kg. The receiver is sold with a carrying case and 
earphones. 
• The TS-1 scanner/programmer can be used in conjunction with the TR-2 receiver 
to control the frequency selection over a 2 MHz range. It allows up to 2000 
discrete frequencies to be programmed into the memory in 1 kHz steps. The TS-1 
requires no batteries and derives its power from the TR-1 receiver. 
The receiver operating in conjunction with the scanner/programmer appears to be 
suitable for use by the NRA for fish tracking studies. 
1 -5 
• The TR-4 radio receiver can be tuned for operation within any specified 4 MHz 
frequency range between 142 to 174 MHz (Table 3). The receiver is tuned in 5 
kHz steps. The minimum discernible signal is -150 dBM and the frequency stability 
is ± 100 Hz. The maximum noise value is 3.0 dB and the impedance is 50 ohm. 
The TR-4 is powered by an external 12 V DC battery or two 9 V alkaline batteries 
which give 18 hours of operational life. The receiver is 17 cm wide x 9 cm long x 
4.5 cm high and weighs 0.425 kg. The receiver is sold with a carrying case and 
earphones. 
The receiver may only be tuned in 5 kHz steps and therefore appears to be 
unsuitable for general fish tracking within the narrow UK frequency band. 
iv. Televilt (Sweden) 
• The RX-8910HE is a small computerised tracking receiver that can operate over 
any specified 1 MHz frequency range from 142 to 230 MHz (Table 3). The 
receiver has a folding aerial and does not require cables. The receiver has 10 
programmable channels and digital fine tuning of 1 kHz steps. The minimum 
discernible signal is -133 dBm and the maximum noise value is 1.5 dB. The RX-
8910HE receiver is powered by a 9 V alkaline or NiCad battery. The receivers are 
25 cm long x 45 cm wide x 40 cm high and weigh 0.5 kg. 
• The receiver appears to be suitable for use by the NRA for fish tracking studies. 
Field trials may be required to assess whether the folding aerial is practicable. 
v. Custom Electronics of Urbana, Inc. (USA) 
Custom Electronics produce two receivers for wildlife studies, the Model Merlin 12 
and the Model CE 12. 
• The Model CE 12 has an automatic frequency sweep and can operate over a 
maximum 1.5 MHz frequency range by switching between up to 5 bands from 30 
to 220 MHz (Table 3). The receiver is tuned in 5 kHz steps. The minimum 
discernible signal is -147 dBm and the maximum noise value is 2.5 dB. The 
frequency stability is less than 1 kHz from -30°C to 50°C. The receiver is powered 
by an external 12 V DC battery or its own battery pack of 8 Alkaline cells (36 
hours of life) or 10 NiCad cells (16 hours of life). The receiver is 22 cm wide x 10 
cm long x 10.5 cm high and weighs 1.35 kg. 
• The Model Merlin 12 has all the specifications as the CE 12, except the sweep 
control and is smaller. The receiver measures 11 cm wide x 7 cm deep x 17 cm 
high and is available only with the NiCad battery pack. 
Both receivers may only be tuned in 5 kHz steps and appear to be unsuitable for 
general fish tracking within the narrow UK frequency band. 
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vi. Wildlife Materials Inc. (USA) 
Wildlife Materials produce five receivers the Falcon 5, TRX-10S, TRX-64S, 
TRX 1000S and TRX-2000S. 
• The Falcon 5 can operate over 1 or 2 MHz frequency range from 25 to 225 MHz 
(Table 3). The receiver is tuned in 1 kHz steps. The minimum discernible signal is -
150 dBm, the maximum noise value 2.6 dB and the frequency stability is 0.5 kHz 
from -20°C to 50°C. The receiver is powered by an external 12 V DC battery or its 
own battery pack of rechargeable or throwaway batteries. It is 20.5 cm wide x 13.8 
cm long x 12.4 cm high and weighs 0.9 kg. The receiver can be used in conjunction 
with a APS-164 Scanner to allow 64 frequencies to be programmed and stored. 
Used with a strip chart recorder it can monitor animals activity and 
absence/presence. The scan time is variable. 
• The TRX -10S has ten channels in the 148 to 222 MHz frequency range. The 
receiver is tuned in 5 kHz steps. The minimum discernible signal is -147 dBm, the 
maximum noise value 3.5 dB and the frequency stability is ± 2 kHz from -20° to 
120° F. The receiver is powered by an external 12 V DC battery or its own battery 
pack of rechargeable NiCad batteries. The receiver is 7.4 cm wide x 14.5 cm long x 
6.75 cm and weighs 0.45 kg. 
• The TRX -64S receiver can operate over any 640 kHz band from 216-223 MHz 
and 148-173 MHz and is arranged in four 16 channel bands (Table 3). The receiver 
is tuned in 5 kHz steps. The minimum discernible signal is -149 dBm, the maximum 
noise value 3.0 dB and the frequency stability is ± 2 kHz from -20 to 120 degrees 
F. The receiver is powered by an external 12 V DC battery or its own battery pack 
of rechargeable NiCad batteries. The receiver is 10 cm wide x 15.5 cm long x 6 cm 
high and weighs 0.9 kg. 
• The TRX -1000S receiver can operate over any 1 MHz band from 150-221 MHz 
although other bands are available on request (Table 3). Each frequency is entered 
on a digital display. The receiver is tuned in 1 kHz steps. The minimum discernible 
signal is -149 dBm, the maximum noise value 2.5 dB and the frequency stability is 
± 1 kHz from -20°C to 70°C. The receiver is powered by an external 12 V DC 
battery or its own battery pack of rechargeable NiCad batteries. The receiver is 10 
cm wide x 17.5 cm long x 1.1.3 cm high and weighs 0.9 kg. 
• The TRX -2000S receiver can operate over any 2 MHz band from 140-221 MHz 
although other bands are available on request (Table 3). Each frequency is entered 
on a digital display. The receiver is tuned in 1 kHz steps. The minimum discernible 
signal is -150 dBm, the maximum noise value 2.5 dB and the frequency stability is 
± 1 kHz from -20°C to 70°C. The receiver is powered by an external 12 V DC 
battery or its own battery pack of rechargeable NiCad batteries which give up to 8 
hours of use. The receiver is 10 cm wide x 17.5 cm long x 11.3 cm high and 
weighs 0.9 kg. 
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A researcher with experience of the Falcon 5 receiver expressed a number of 
reservations concerning its suitability for tracking fish in the field. Operation was 
difficult and the receiver could not be used in wet conditions. As a result the user 
did not purchase the more sophisticated models when he needed to up-grade his 
tracking system. Two of the receivers can only be tuned in 5 kHz steps and appear 
to be unsuitable for general fish tracking within the narrow UK frequency band. 
The range of receivers are not considered suitable for further evaluation. 
vii. Mariner Radar (UK) 
• The M-57 receiver can operate over any 150 kHz frequency range between 140 
and 230 MHz which is sufficient for 14 unique frequency tags (Table 3). The 
minimum discernible signal is better than -144 dBm and the noise figure better than 
2.5 dBs. The receiver is powered by an internal battery pack of 8 alkaline cells 
which give up to 60 hours of operation. The receiver is 22 cm wide x 12 cm long x 
9.3 cm high and weighs 2.5 kg. 
• The receiver appears to be suitable for use by the NBA for fish tracking studies. 
viii. Yaesu (UK) 
• The Yaesu FT -290 receiver is DTI type-approved to be used on the 173.7 - 174.0 
MHz Medical and Biological telemetry band (Table 3). The receivers sensitivity is 
better than -148 dBm and is able to tune in steps of 100 Hz. The receiver is 
powered internally by a battery pack of 8 rechargeable NiCad cells. The receiver is 
19.5 cm long x 15 cm wide x 5.8 cm high and weighs 1.3 kg without the batteries. 
• The receiver has been widely used for tracking studies in the UK and an assessment 
of the equipment is already known to the contractors. The receiver is no longer in 
production but there still appears to be adequate numbers obtainable through the 
amateur radio second-hand market. 
2.4.2 Automatic and data logging radio receivers. 
Most NBA radio tracking studies will be expected to employ automatic and data 
logging receivers to allow long-term tracking. These may have to be located in a wide 
variety of sites including exposed positions on the river bank. Basic requirements are 
outlined above, (see section 2.3), although ruggedness is particularly important. 
i. Advanced Telemetry Systems, Inc. (USA) 
ATS manufacture two receivers, the Model R2100 and the Model R4000 which are 
suitable for data logging. Frequencies can be programmed into each receiver where 
they are sequentially scanned either automatically or manually. 
• The Model R2100 (Table 4), has the same specifications as the Model R2000 (see 
section 2.2. Li) but has a built-in interface permitting its use with the ATS Data 
Collection Computer (see below). 
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• The Model R4000 is able to scan over any specified 4 MHz frequency range from 
30 to 220 MHz (Table 4). The frequencies can be programmed into four distinct 
memory banks where they are scanned either automatically or manually. The 
operator has control over all functions including scan rate, add/delete frequencies 
and audio level. The basic specifications are the same as the R2000 and R2100 
models. The R4000 has a built-in interface permitting its use with the ATS Data 
Collection Computer (see below). 
• The ATS DCC II Data Collection Computer is a data logger, data interpreter and 
automatic receiver. The DCC II has 229 K of memory available for data storage 
and provides time/day logging of presence/absence, activity, temperature, depth 
and heart rate. The DC II will also decode pulse coded tags and differentiate 
between multiple receiving aerials, and the data can be downloaded to a personal 
computer. When the DC II is connected to an ATS receiver it provides full-
function automatic control of the receiver's operations. This can permit long term 
unattended logging during a study. The data obtained would be compatible with 
the NRA WAMS database. The computer can also interface to Loran/GPS 
receivers for use in a vehicle or aeroplane. It is powered by an external 12V DC 
battery or its own built-in NiCad battery pack. The computer is 21 cm long x 11 
cm wide x 18 cm high and weighs 1.36 kg. 
• The ATS receivers together with the data logger would appear to be suitable as 
automatic logging systems for use by the NEA for fish tracking studies. 
ii. Lotek Engineering Inc. (Canada) 
• The SRX_400 Tracking and Remote Data logging System, a 4 MHz receiver/data 
logger operating between 30-220 MHz, is the basis for a number of unmanned, 
remote data acquisition systems (Table 4). The SRX_400 is available in 3 
configurations (see Appendix 2) with up to 64/128 KBytes of programme memory 
and up to 1 MByte of data memory. The receiver is tuned in 1 kHz steps. The 
minimum discernible audio signal is -150 dBm and the minimum discernible signal 
by the software is -133 dBm. Each display includes a six digit frequency, pulse rate 
of tag, relative signal strength, numeric value of receiver gain setting, scan 
operating status messages and menu prompts. Real-time signal processing is 
possible which allows implementation of noise rejection strategies in noisy 
environments and statistical processing of physiological signals such as fish heart 
rate and temperature data. The receiver has remote communications capability and 
two RS-232 ports are fully configurable to provide serial communications to an 
external computer, cellular phone, GOES satellite transmitter or Hayes modems for 
remote communication. A wide range of SRX_400 application software is 
available for programming and data analysis. All data should be in a format that is 
compatible with the NRA WAMS database. The receiver is 22 cm wide x 20 cm 
long x 8.8 cm high and weighs 3.2 kg as standard. The receiver is powered by an 
external 12 V DC battery or an internal battery pack. The operating life of the 
internal batteries is up to 16 hours as standard or 30 hours with the long life 
option. 
The SRX_400 can be supported peripherally by additional Lotek hardware. This 
includes the DSP_500 Digital Spectrum Processor which is capable of providing 
frequency discrimination using real-time or near real-time spectrum analysis. Large 
numbers of rapidly moving individuals may be monitored. 
A small ultrasonic receiver can be plugged into the SRX_400 receiver which will 
convert the signal from an ultrasonic tag to a Rf frequency that can be received or 
data logged by the SRX_400. This means that the receiver may also be used for 
tracking fish with acoustic tags. 
• The SRX_400 Tracking and Remote Data logging System together with its 
peripheral hardware has been used successfully in conjunction with the Lotek 
Coded Radio Tags to automatically track and log the movements of large numbers 
of salmonids in North America. It is one of the most advanced tracking systems 
available and is considered suitable for further evaluation. 
iii. Televilt (Sweden) 
• The RX-900 is a hand-held receiver and data acquisition system with an insulated 
and watertight case (Table 4). The receiver can operate over any specified 2 or 4 
MHz frequency range from 40 to 800 MHz and is tuned in 100 Hz steps. The 
maximum noise value is 1.8 dB. The receiver is operated by an internal 
microcomputer which also controls the data logger. The computer controls all 
receiver functions such as frequency control, frequency scanning, gain control, and 
storage of the received signal. The receiver has both a digital keyboard and a 
multipurpose dial, which can be used to access functions and menus within the 
built-in microcomputer. The audio and RF gains are controlled by separate keys. 
All information about incoming signals is displayed on a 4-line LCD screen. Bar 
graphs give an instantaneous reading on such functions as signal strength, gain and 
audio level. Data on these and other functions such as frequency, pulse gap and 
width and also the time of day are also displayed digitally. Electroluminescent 
back-lighting allows for easy use at night. 
The receiver can store data unattended from tags for a continuous period of more 
than one month depending upon the number of parameters sampled. This 
information can then be downloaded to a personal computer. In this format the 
data should be compatible with the NRA WAMS database. 
There are three receiver models which incorporate data loggers and have between 
224 and 992 KBytes of memory. Ten tables with 100 frequencies in each can be 
stored in an internal library. Since the computer can detect pulses of only 7 ms in 
duration it is possible to increase the life of the tags to be used. 
A number of software packages have been developed to present and analyse the 
data downloaded from the RX-900 to a IBM PC or a Macintosh. This includes 
tables and diagrams of the signal parameters normally used to indicate the presence 
or activity of an animal. Special programs for physiological parameters such as 
body temperature and heart rate are also available. User specified programmes can 
be developed on request. 
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The receiver is powered by an external 12V DC battery or an internal NiCad 
battery pack. The receiver is 24 cm long x 4.5 cm high and weighs 650g excluding 
the battery pack. 
The RX-900 receiver and data acquisition system appears to be one of the most 
versatile systems available for manually and automatically tracking fish. The RX-
900 is considered suitable for further evaluation. 
iv. MAFF (England). 
• MAFF have developed an Automatic Listening Station which is built by Argus 
Electronics (Gt. Yarmouth) under MAFF licence. These listening stations are 
widely used in the UK by the NRA and Scottish Office to study the migratory 
behaviour of salmonids. The listening stations comprise a Yaesu FT 290 ten-
channel radio receiver (see section 2.4. l.viii), a processor unit, a tape recorder and 
a paper tape printer and are powered by an external 12 V DC battery. The hstening 
station has a variable scan rate (continuous, 2 rnin, 5 rnin and 10 min) and scans 
through the programmed frequencies and makes a record of any signal detected. 
The record takes the form of a paper print out giving time, date and radio channel 
number and provides a check on aberrant signals activating the scanner. Data 
cannot be downloaded to a PC. 
• An assessment of the suitability of this equipment for tracking fish is already 
known by the contractors. 
v. Smith-Root Inc. (USA) 
Smith-Root produce 2 radio receivers designed for fish tracking studies, the RF-40 and 
the SR-40. The FDL-15P data logger is also produced which, in combination with the 
SR-40 receiver, can be used as a remote tracking station. 
• The RF-40 receiver has digitally synthesised frequency control and has a standard 
frequency coverage between 40 to 40.999 MHz (Table 4). Other frequencies are 
available up to 200 MHz. The receiver is tuned in 1 kHz steps. The minimum 
discernible signal is -143 dBm, the frequency stability is ± 100 Hz between 0°C and 
+40°C and impedance is 50 ohm. The receiver is powered by an external 12V DC 
battery. The receiver is 25.4 cm long x 20.4 cm wide x 10.2 cm high and weigh 
2.4 kg. 
• The SR-40 listens in to 10 channels simultaneously and does not stop on a channel 
when a signal is detected. The receiver can operate over frequency range from 12 
to 200 MHz. The receiver is powered by an external 12V DC battery. The 
receiver is 25.4 cm long x 20.4 cm wide x 10.2 cm high and weigh 2.95 kg. 
• The FDL-15P field data logger is used in combination with the SR-40 receiver 
which stores information on the time and date a tag was detected, the tag code and 
channel number (Table 4). The data can be retrieved and downloaded via a 
standard RS-232 serial port to a PC. Up to six thousand events may be stored in 
the internal memory. An event is described as a fish entering or leaving an area. 
Tags with codes from 50 ms to 3000 ms with i l m s resolution are able to be 
identified. Tags which are received on the same channel may, however, not be 
closer than 50 ms. Detection of a maximum of five tags per channel or a total of 
seventy five tagged fish in the survey area at one time is achievable. The data 
logger is powered by an external 12 V DC battery and also has a built-in back-up 
battery pack. 
The receiver and data logger are primarily designed to operate with Smith-Root 
tags which do not operate at the UK permissible frequencies for fish tracking. The 
receiver is not considered suitable for further evaluation. 
2.5 Summary of evaluation of radio receivers 
Any of the manual (hand-held) radio receivers highlighted as suitable could be used in 
the UK to track fish. There is little to distinguish between them in terms of 
performance and specifications. Therefore, other criteria may need to be specified such 
as price, location of manufacturer and the conditions under which the equipment is to 
be used in the field. It may be preferable to select a receiver that is readily available in 
the UK and which can be easily and readily serviced. 
Three automatic receivers and data logging systems appear to meet the requirements 
of the NBA and should be considered for further evaluation. These are:-
• The Advanced Telemetry Systems, Inc. (USA) Models R2100 and R4000 and the 
DCC IIData Collection Computer (see section 2.3.2.i). 
. The Lotek (Canada) SRX_400 (see section 2.3.2.ii). 
• The Televilt (Sweden) RX-900 receiver and data acquisition system (see section 
2.3.2.21). 
• An assessment of the suitability of the MAFF Automatic Listening Stations for 
tracking fish is already known by the contractors. 
2.6 Ancillary equipment 
2.6.1 Receiving aerials 
The design and construction of the receiving aerial is critical to the overall 
performance of a tracking study. A poorly designed or off-frequency aerial can 
significantly counteract the effectiveness of the other components (e.g. transmitters or 
radio receivers) of the system. 
There are five basic types of receiving aerial used in wild life tracking studies. These 
are the "Yagi", the "H-aerial", dipole, whip and loop. The choice of the receiving aerial 
and its characteristics will depend very much upon the type of study to be undertaken 
and specific use e.g. hand-held receiver, vehicle or aeroplane mount, passive scanning 
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etc.) Important characteristics of aerials are the range (a function of the gain measured 
in dBd), operating frequency and its directionality. 
Yagi aerials for instance have high gain and excellent mechanical and electrical 
properties. Addition of elements can increase the effectiveness of a Yagi aerials in 
terms of gain and pattern but will make the overall aerial larger. H-aerials are lighter 
and more compact is design. Loop aerials are suitable where increased directivity or 
smaller size is required. These aerials are often used in conjunction with aircraft. 
Dipoles are omni- directional are easy to mount in a variety of ways (vehicle, boat, 
tower). 
• The majority of the commercial manufacturers of radio tracking equipment 
produce custom built receiving aerials for a wide range of conditions. The type of 
receiving aerial will therefore depend upon the choice of the other components of 
the tracking system such as the tags and the receiver. 
3. ACOUSTIC TELEMETRY. 
3.1 Introduction 
Sound propagates particularly well through water and acoustic techniques are often 
applied to free ranging animals. Sound is the only practical means of transmitting a 
signal through sea water, as radio waves are rapidly attenuated under these conditions. 
Acoustic tags have therefore been used in the marine environment in a similar way to 
radio tags have in freshwater. Acoustic tags can be located more precisely than radio 
tags and are often used in fresh water, particularly deep still waters such as lakes. 
Acoustic signals suffer severe attenuation in shallow water, aquatic vegetation or 
turbid conditions, and in fast flowing streams acoustic noise and entrained air bubbles 
can drastically reduce range. 
Ultrasonic frequencies are usually generated by driving an annular ceramic transducer 
at its resonant frequency. Since frequency is proportional to transducer diameter, this 
is an important factor in determining tag size. The higher the frequency, the smaller the 
transducer ring. This allows the tag to be smaller but there will also be a significant 
decrease in the range of detection. 30 kHz is the lowest practical frequency and is 
primarily used for large fish, due to the large size of the tag, in open sea stu'dies where 
maximum range is required. 76 kHz frequency is used for coastal and freshwater 
studies, and the higher frequencies 160-300 kHz are used for freshwater and studies 
where a small tag is required. The range of the small high frequency tags is, however, 
short (less than 150 metres). It is also possible to drive a transducer at a harmonic 
frequency. This may allow a high frequency transducer to produce a lower frequency 
signal. The reduced efficiency of the tag may be balanced by the increased propagation 
and range at the lower frequency. 
Simple receiving systems comprise a hand-held directional hydrophone, portable 
receiver and headphones. More complicated and advanced systems may use fixed 
arrays of hydrophones or acoustic sonar buoys to detect and analysis the signal. 
Transponding systems such as the MAFF sector scanner may also be used to display 
the signal on the screen of the sonar superimposed on the acoustic image of the sea 
floor. 
3.2 Acoustic transmitters 
There are two types of acoustic tags used in tracking studies and these are referred to 
as "pingers" and "transponding" tags. As with radio tags the effects of size and 
attachment of the acoustic tag on the behaviour and survival of the fish should be 
assessed before use in a research programme. Acoustic tags can generally be attached 
both internally and externally because they are fully encapsulated. 
3.2.1 Pinger acoustic transmitters 
The majority of studies on the movements of free ranging animals have used pinger 
tags which emit acoustic signals at predetermined frequencies and rates. The signals 
are detected by a directional hydrophone operating on the appropriate frequency. 
Directional hydrophones, which have a relatively narrow field of detection, will 
indicate the approximate bearing of the fish from a tracking platform, but with a single 
hydrophone, the distance can only be estimated from the strength of the received 
signal. 
These tags are suitable for NRA tracking studies where fish are followed actively in 
estuaries and coastal waters. The tags might have particular application to studies on 
sea trout in the period after they leave freshwater. They may also be used in 
conjunction with sonar buoys. However, the number of tags that can be used 
simultaneously is quite limited and there is a greater need for coding than there is for 
radio tags (see section 3.2.3). 
i. Aberdeen University (Scotland) 
• The Aberdeen University Deep Sea Pinger operates at 77 kHz and is 55 mm long 
by 16 mm in diameter (Table 5). The pulse duration can be set from 1 to 50 ms and 
the pulse rate from 30 -300 beats per minute. The tag has an output power of 167 
dB re 1 uPa at 1 m and a life of about 30 days (with pulse length of 10 ms at 1 
Hz). The tag has been designed to be used at depths of up to 6000 m to study the 
behaviour of abyssal species. It has also been used to track larger fish in freshwater 
studies in the UK 
• The tag is not commercially available and is not considered for further evaluation. 
ii. Custom Telemetry & Consulting, Inc. (USA) 
• Custom Telemetry & Consulting, Inc. produce a range of custom built acoustic 
tags for wild life studies. All equipment is constructed after consultation with the 
user concerning the characteristics of the species and the conditions under which it 
is to be studied. Further details on the products were not provided. 
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• The manufacturer provided very little detailed information on these tags. They are 
not considered for further evaluation. 
iii. MAFF (England) 
• MAFF produce two standard pingers that can operate at either 76 or 300 kHz 
(Table 5). The tags are 58 mm long by 15 mm in diameter and weigh 23 g in air 
and 10 g in water. The pulse rates are normally set between 20 and 120 pulses per 
minute and the tag life is about 30 days. The tags have been used by MAFF, NRA 
and Scottish Office to study the migratory behaviour of returning adult salmonids 
in coastal and estuarine environments. 
Q An assessment of the suitability of these tags for fish tracking is available to the 
contractors. 
• A miniature acoustic tag has been developed to study the behaviour of smaller fish 
(Table 5). The miniature 300 kHz tag is 17 mm long by 7.5 mm in diameter and 
weighs 1.3 g in air and 0.35 g in water. The hybrid circuit together with a RE 212 
1.35 V mercury battery is packaged in a polycarbonate case. The pulse rate of the 
tag can be set from 30 to 120 pulses per minute with a pulse duration of 1 ms. At 
60 pulses per minute the tag has a life of approximately 30 days and a maximum 
range in the marine environment of about 120 metres. The tags are set to transmit 
within the frequency band 296 to 308 kHz, and within this frequency the acoustic 
source level from the tag is maintained at 148 dB re 1 uPa at 1 m ±3 dB. The tag 
has been used during MAFF/NRA studies of the estuarine behaviour of migrating 
Atlantic salmon and sea trout smolts. 
• The tag is the smallest acoustic tag produced but is not commercially available in 
large quantities for fish tracking studies. 
iv. SINTEF (Norway) 
• Until 1986, SINTEF produced a wide range of acoustic tags for fish telemetry 
experiments. A few of these tags still exist and are used by Norwegian researchers 
to study fish behaviour (e.g. 120 kHz frequency pinger to study smolt behaviour). 
However, SINTEF no longer manufacture telemetry tags and equipment on a 
commercial basis. 
v. Sonotronics (USA). 
Sonotronics produce two pinger tags the Mini MT-91 and the Crystal High Power 
XTAL-87. 
. The MT-91 has two models the MT-91-1 and MT-91-2 (Table 5). Both operate at 
a frequency of 75 kHz ± 3 kHz, have power outputs of 140 dB re 1 uPa at 1 m and 
a range of 500 m The MT-91-1 is 33 mm long by 8 mm in diameter, weighs 2.5 g 
in water and has a life of around 15 days. The MT-91-2 is 40 mm long by 9 mm in 
diameter, weighs 3.0 g in water and has a life 47 days. 
. The High Power XTAL-87 is crystal controlled and can operate between 32 and 
77 kHz (Table 5). The tag has a power output of 152 dB re 1 [xPa at 1 m and a 
magnetic on/off switch. The tag is 66 mm long by 16 mm in diameter, weighs 9 g 
and has a range of 3000 m. 
• The tags are relatively small in size, may be attached internally, appear to have a 
good range of detection and are considered suitable for further evaluation. 
vi. University of Stirling (Scotland) 
• The University of Stirling produce the Stirling Mk VI acoustic pinger which 
operates at frequencies between 250 and 270 kHz (Table 5). The tag which is 
attached externally to the fish via a pannier is 55 mm long by 12 mm in diameter 
and weighs 1.2 g in water. In freshwater it has a range of 220 m and has been used 
to study the behaviour of salmonid smolts in rivers, lakes and coastal waters. 
• These tags are not commercially available for tracking studies. 
vii. Vemco (Canada) 
Vemco produce 4 series of acoustic tags, the V8, V16, V22 and V32 each of which is 
grouped by the diameter of the tags. All tags are crystal controlled. 
• The V8 series include the smallest tags which are 8 mm in diameter and are 
available at frequencies of 65.5, 69 and 76.8 kHz (Table 5). The tags are powered 
by silver oxide batteries and there are three models depending upon the batteries 
used. The tags range in length from 33 mm to 38 mm and weigh between 2.7 to 
3.5 g in water. The power outputs range between 136 to 141 dB re 1 uPa at 1 m 
and tags operate for between 3 and 21 days operating at 1 Hz. However, the life of 
the tags can be increased by an option that allows the tags to be turned off and on 
in fixed cycles. The tags can transmit for 15 seconds and then turn off for 45 
seconds which will significantly improve the life of the tag. This may not be 
advantageous when tracking fish that are moving very rapidly through a study site. 
The tags can also be programmed for a delayed start in transmitting signals. 
• The V16 series are 16 mm in diameter and available at frequencies of 55, 54 60, 
65.5, 69 and 76.8 kHz (Table 5). They are the most popular series for fish tracking 
studies. There are a number of configurations available based upon the type (silver 
oxide or hthium) and power output of the batteries. These tags range in length 
from 48 to 90 mm and in weight from 9 to 18 g. The power outputs range from 
146 to 159 dB re 1 fjPa at 1 m and standard lives from 9 to 178 days operating at 1 
Hz. The tags also have the option that allows the tags to be turned off and on in 
fixed cycles. The delayed start option on these tags also improves their operating 
life. 
These tags also have depth, temperature and heart rate sensors available (see 
section 7). 
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• The V22 series are 22 mm in diameter and are principally designed for open ocean 
tracking of tuna, shark and other large teleosts (Table 5). There are two types the -
5XS and the -5X. The type -5XS is the frequency synthesiser version and provides 
a choice of frequencies from 34 kHz to 50 kHz in 1 kHz steps. The tags are 100 
mm in length have a power output of 168 dB re 1 (iPa at 1 m and a life of 9 days 
operating at 1 Hz. The type -5X has the options that allows the tags to be turned 
off and on in fixed cycles and delayed start for longer life. 
Depth, temperature, dual depth/ temperature or heart rate sensors are available 
(see section 7). 
• No details were provided on the V32 Series of tags. 
• Vemco transmitters are used extensively in a wide range of marine tracking studies. 
They may be attached internally or externally. They have an excellent reputation 
for reliability and sophistication and are considered suitable for evaluation in 
relation to the tracking requirements of the NBA. 
3.2.2 Transponding systems 
Transponding tags differ from pinger tags in that they only emit a pulse when they are 
triggered by an acoustic signal. They are therefore operated in conjunction with an 
acoustic sonar. The sonar transmits an interrogation pulse towards the transponding 
tag attached to a fish. On detection of the pulse, the transponder emits a pulse of its 
own which is received by the sonar. The signal is therefore picked up on the sonar 
display in the form of an enhanced reflection. As with a normal sonar image, the 
distance of the tag from the sonar can be calculated from the time delay between 
interrogation signal and the tag response. 
A transponding tag tracking system that could be used on a small vessel, possibly with 
a conventional sonar system, could greatly simplify tracking in coastal waters where 
fish may move close to the shore. 
Two transponding systems are known which are specifically designed to study fish 
behaviour. These are the Aberdeen University Deep Sea Code Activated Transponder 
and The Ministry of Agriculture, Fisheries and Food Sector Scanning and Transponder 
Tags. 
i. Aberdeen University (Scotland) 
• A 77 kHz tag (65 mm long by 16 mm in diameter) is activated by dual acoustic 
pulses separated by a hardware programmable time period. The tag has an output 
power of 167 dB re 1 uPa at 1 m (Table 6). The programmable activation codes 
allow unambiguous individual identification when several transponders are 
deployed simultaneously. The system has a maximum operational depth of 6000 m 
and has been used to study the behaviour of abyssal species (see Bagley 1992). 
• The system is not commercially available at present. 
ii. MAFF (England) Sector scanning and transponding tags 
• The system uses an acoustic transponding tag that operates and receives at 300 
kHz frequency (Table 6). The tag is 59 mm long by 15 mm in diameter and weighs 
17.6 g in air. It has a life of 6 days when interrogated at 1 Hz and the acoustic 
source level is 150 dB re 1 uPa at 1 m. The tag is powered by 3 RE675 Mercury 
cells. The tags are generally used in conjunction with the high resolution sector 
scanner aboard the RV Corystes (see Arnold et al. 1990). This is an imaging sonar 
which can reveal details of fishing gear, wrecks and sea bottom topography. It 
provides accurate (± 1°) horizontal and vertical bearings on the fish which enables 
the position of the fish to be fixed in three dimensions. 
Q The tags are not commercially available at present. 
3.2.3 Coded acoustic tags 
i. Sonotronics (USA) 
Sonotronics (USA) produce a range of coded acoustic tags for fish tracking studies 
(Table 7). These tags utilise a unique code of 18 bits in length. This allows thousands 
of unique aural codes which make each tag unique. For instance, code 249 is 
transmitted as 2 pulses, rest, 4 pulses, rest, 9 pulses; this is then repeated. Using this 
coding scheme all tags can be on the same frequency. Two coded tags are produced, 
the CT-82 and the CHP-87 High Powered Tag. 
• The CT-82 has 3 models the CT-82-1 the CT-82-2 and the CT-82-3. The tags 
operate at 75 kHz frequency and range in size from 37 mm to 65 mm in length and 
16 mm to 18 mm in diameter. The tags have power outputs of 140 dB re 1 uPa at 
1 m and a life of between 40 days and 50 months. The tags weigh between 4 g and 
8 g and have a range of up to 1000 m. 
• The CHP-87 High Powered Tags are similar to the CT-82 coded tags but the 
output power is about 100 times greater (152 dB re 1 uPa at 1 m). There are two 
models the CHP-87-S and the CHP-87-L and they are either 65 mm or 100 mm in 
length and 18 mm in diameter. They weigh 8 g or 12 g, have a life of 7 months or 
18 months and a range of 3000 m 
Q These tags are the only coded acoustic tags produced commercially and are 
considered suitable for evaluation in relation to the tracking requirements of the 
NRA. In addition the tags can be attached internally to fish. 
3.3 Summary of evaluation of acoustic transmitters. 
Only two manufacturers produce acoustic tags that are readily available and appear to 
meet the requirements of the NRA. These are:-
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• The Sonotronics (USA) Pinger and Coded Tags (see sections 3.2. l.v and 3.2.3.i). 
• The Vemco (Canada) V8, V16 and V22 Series of tags (see section 3.2. l.vii). 
Q These tags are considered suitable for further evaluation. 
An assessment of the suitability of the MAFF acoustic transmitters for tracking fish 
is already known by the contractors. 
3.4 Acoustic receivers 
Although increasing use is being made of semi-automated acoustic tracking systems 
(e.g. using sonar buoys and radio receivers; see sections 3.6 and 2.3), hand-held 
acoustic receivers are still required for active tracking programmes (e.g. in coastal 
waters) and for making spot fixes. 
i. Vemco (Canada) 
Vemco manufactures receivers for the detection of signals frompingers and telemetry 
tags. 
• The VR60 is a frequency synthesised, narrow band receiver (Table 8). It has pulse 
width and amplitude discrimination with echo suppression and automatic or manual 
gain control. There are a number of options with the receiver. A telemetry decoder 
and display with an RS-232 output may be included or a remote pinger monitor 
with channel scan software. VSCAN/GPS Software for MS-DOS computer is 
available to scan acoustic channels and record data on diskette. The disk file 
includes time stamp and latitude and longitude from any NMEA - 0183 compatible 
GPS receiver. The data would be compatible with the NBA WAMS database. 
• Vemco also produce the VR-20/Monitor - Automated Pinger Detection Site (Table 
8). The VR-20 was designed as a dedicated remote monitor for the detection of 
Vemco standard crystal controlled pinger tags. The electronics can be packaged in 
a land-based case with hydrophone attached by cable to the water, or in a totally 
submersible cylinder with hydrophone mounted on the top. 
The electronics include a frequency synthesised narrow band ultrasonic receiver 
and a microprocessor controller with semiconductor memory. The receiver can be 
switched automatically by the controller to look for pingers on multiple 
frequencies. The serial number, frequency and pulse rate of each pinger is entered 
in the controller memory so there is a record of the tags being used in the study. 
The controller is programmed using a PC serial RS-232 port, and the data are later 
extracted from the controller memory through the same port. The data output 
includes the serial number of each tag detected along with the time and date the tag 
entered and left the area. The data would be compatible with the NRA WAMS 
database. 
The controller uses a pinger detection algorithm similar to that developed as one of 
the options in the VR-60. This detection scheme has been used in the field to study 
the movements of salmon up major rivers with multiple hydroelectric dams. The 
detection system allows the use of many pingers on a number of frequencies. The 
system has the capability to identify which pingers are present when multiple 
pingers occur on the same frequency at the same time at the same site. It is claimed 
by the manufacturer that the detection algorithm can identify up to eight 
transmitters at the same time on the same frequency. 
The software provided has a sort routine which will examine multiple data sets to 
find each tag serial number and then form a separate transmitter file showing the 
time and date of appearance of the tag at each monitoring station. The data would 
be compatible with the NRA WAMS database. The VR-20 also has the options for 
an underwater connector for computer interface without the need to open the 
submersible package and a high flow rate hydrophone for high currents or fast 
flowing rivers. 
• Vemco receivers are considered state of the art and have a good reputation for 
rehability. The receivers appear to be suitable, in conjunction with the Vemco tags 
for logging the movements of a number of individuals and are considered suitable 
for evaluation in relation to the tracking requirements of the NRA. 
ii. Sonotronics (USA) 
Sonotronics manufacture three acoustic receivers and a data logger. 
• The USR-5W Digital Receiver operates at frequencies of 30 to 85 kHz and has a 
liquid crystal frequency and pulse interval display (Table 8). Frequency is measured 
in kHz and intervals in milliseconds for one period. The sensitivity of the receiver is 
1 p.V for 30 dB. The receiver is 15.2 cm wide x 15.2 cm long x 11 cm high and 
weighs 1.5 kg. It is powered by an internal battery pack. 
• The USR-90 scan receiver is an automatic receiver for remote acquisition of data 
(Table 8). The receiver has 18 channels and operates at frequencies of 65 to 83 
kHz. The sensitivity is 4 uV for 24 dB. It is 15.2 cm wide x 15.2 cm long x 11 cm 
high and weighs 1.7 kg. It is powered externally by a 12 V Dc battery. The output 
is via a RS-232 port and gives channel number and pulse interval. 
• The USR-91 Narrow Band Receiver is a manual version of the USR-90 with the 
same specifications but does not include the microcomputer. 
• The DR-92 Data Decoder is a complete data decoding system for use with 
receivers equipped with TT1 level pulse outputs (0-5 V), (Table 8). In its default 
mode the unit measures pulse interval in milliseconds, displays the information on a 
LCD display and transmits the information to a computer for storage by means of a 
1200 baud RS-232 link. 
The unit is programmed by means of a front panel membrane keyboard to display 
the incoming information from telemetry tags programmed in the units memory. 
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This information is transmitted to computer for storage. The data would be 
compatible with the NRA WAMS database. The receiver is 15.2 cm wide x 15.2 
cm long x 11 cm high and is powered externally by a 12 V DC battery or internally 
by a battery pack of NiCad cells. 
Q Sonotronics receivers have a good reputation for reliability. The receivers appear 
to be suitable, in conjunction with the Sonotronics coded tags for logging the 
movements of a number of individuals and are considered suitable for evaluation in 
relation to the tracking requirements of the NRA. 
iii. Lowe (UK) 
• The Lowe HF-150 Communications Receiver operates at frequencies from 30 kHz 
or 150 kHz to 30 MHz continuous coverage (Table 8). It is a microprocessor 
controlled PLL tuning, dual conversion super heterodyne receiver with a 5 digit 
LCD showing frequency to the nearest kHz, receiver mode and memory numbers. 
The receiver is powered by an external 12 V DC battery or an internal battery pack 
with either 8 AA or NiCad cells. The receiver is 18.5 cm wide x 17.5 cm long x 8 
cm high and weighs 1.5 kg. It has been used to manually track Atlantic salmon 
smolts in coastal waters. 
Q This receiver requires care when scanning through the frequencies. An assessment 
of the suitability of this receiver for fish tracking is known to the contractors. 
iv. Lotek (Canada) 
• Lotek produce a small ultrasonic receiver that can be plugged into the SRX_400 
receiver (see section 2.3.2.H) which will convert the signal from an ultrasonic tag to 
and Rf frequency that can be received or data logged by the SRX_400. This means 
that the SRX_400 receiver may also be used for tracking fish with acoustic tags. 
Q Lotek receivers have a good reputation for rehability. The acoustic receiver 
appears to be suitable, in conjunction with the SRX_400 receiver, for logging the 
movements of a number of individuals and are considered suitable for evaluation in 
relation to the tracking requirements of the NRA. 
3.5 Summary of evaluation of acoustic receivers. 
Three automatic receivers and data logging systems appear to meet the requirements 
of the NRA and are considered for further evaluation. These are:-
• The Vemco (Canada) VR60 receiver and VR20/Monitor (see section 3.4.i). 
• The Sonotronics (USA) USR-5W and USR-90 receivers and DR-92 Data Decoder 
(see section 3.4.ii). 
• The Lotek (Canada) ultrasonic receiver (see section 3.4.iv). 
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3.6 Sonar buoys 
Sonar buoys may be used to detect the passage offish tagged with pinger transmitters. 
These buoys generally have an omni-directional hydrophone so that they will record 
the presence of a tagged fish within range. Signals detected by the buoys may be stored 
on the buoy or transmitted to a receiver or data logger. 
Acoustic sonar buoy tracking systems have been developed by both the Ministry of 
Agriculture, Fisheries and Food and Vemco Ltd. 
i. MAFF (England). 
• The acoustic sonar buoy operate at either 300 kHz or 76 kHz frequency. Operating 
at 76 kHz they have been widely used by MAFF, the NRA and the Scottish Office 
to study the migratory behaviour of adult sahnonids. Operating at 300 kHz they 
have also been used to track emigrating smolts through freshwater and estuarine 
environments. The sonar buoy produces a radio transmission in the 173.7 - 174.0 
MHz range which duplicates the acoustic signals of a tag within detection range. 
The unit comprises an acoustic receiver, a radio-transmitter (DTI type-approved), 
and a processing and interfacing unit and is powered by a 12 V rechargeable or 
disposable battery. The buoys also have an automatic gain control (AGC) which 
automatically optimises the signal to noise ratio in varying environmental 
conditions. The circuitry and battery are housed in a waterproof case with an 
external omni-directional hydrophone (45 mm long x 15 mm in diameter), and 
radio aerial. When an acoustic signal of sufficient strength in either the 72-79 kHz 
or the 296-308 kHz frequency bands is detected, the sonar buoy re-transmits a 
radio pulse which can in turn be detected and record using a MAFF automatic 
listening station (see section 2.4.2. iv). 
Q The MAFF sonar buoy has proved both rehable and suitable for use under a range 
of conditions in relation to the tracking requirements of the NRA. An assessment 
of the suitability of this receiver for fish tracking are known to the contractors. 
ii. Vemco (Canada) 
• The Vemco radio-linked acoustic buoy operates using Vemco standard pingers or 
transmitters (see section 3.2. l.vii). Each buoy contains a hydrophone, frequency 
synthesised ultrasonic receiver, two way radio link and a microprocessor 
controller. The base receiving station software controls the frequency and gain of 
the buoys' acoustic receivers and receives a signal from them every time a 
transmitter pulse is detected. The buoys are powered by internal rechargeable 
batteries with an operating life of 1-2 weeks. 
Q Vemco sonar buoys are considerably larger than the MAFF buoys and have limited 
application under a number of conditions such as shallow water and areas where 
there is significant boat traffic. However, in certain circumstances they may be 
suitable for logging the movements of a number of individuals and are therefore 
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considered suitable for evaluation in relation to the tracking requirements of the 
NRA. 
3.7 Acoustic hydrophones 
The acoustic hydrophones produced by each manufacturer for tracking studies have 
generally been designed to be used with their own tags and transmitters. The 
hydrophones are designed to match the frequencies of the tags used are of various 
shapes to allow the hydrophone to be hand held or attached to a range of tracking 
vessels. 
i. MAFF (England) 
• MAFF have developed directional hydrophones for tracking studies which operate 
in the 76 kHz and 300 kHz frequency bands. The hydrophones can have either a 30 
or 60° beam width and are built by HS Electronics, Norwich under MAFF licence. 
ii. Sonotronics (USA) 
• Sonotronics produce both a directional and an omni-directional hydrophone. The 
DH-2 directional hydrophone has a sensitivity of-84 dBv re 1 micro Bar and a 
band width of ±6° at half power points. The DH-3 is omni-directional and as such 
its effective range is therefore much less than the DH-2 hydrophone. 
ill. Vemco (Canada) 
• All Vemco hydrophones include an internal low noise preamplifier which is 
powered through the hydrophones cable by the receiver. Vemco produce 8 models 
which are directional or omni-directional and operate at the frequencies of the 
pinger tags. The model V10 is in a streamlined casing to allow attachment to a 
vessel during tracking studies. 
• All the hydrophones are suitable for tracking fish and are likely to be most suitable 
for use with the same manufacturers tags and receivers. The hydrophones are 
designed to operate at the frequency of the acoustic tags being used. The 
appropriate choice of the hydrophone will therefore depend upon the choice of tag. 
4. COMBINED ACOUSTIC AND RADIO TAGS. 
Combined acoustic and radio tags (CARTS) have been developed principally to permit 
tracking offish from saline to freshwater environments. Because the acoustic stage will 
use much more power than the radio stage it is necessary to turn it off after a pre-set 
period of time. 
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4.1 Transmitters 
i. MAFF (England) 
• The Ministry of Agriculture, Fisheries and Food (England) has developed a hybrid 
tag that has both an acoustic and radio stage to permit the study offish movements 
from saline waters into rivers (Table 9). The tag is produced by HS Electronics, 
Norwich under MAFF licence. The tag has been widely used by MAFF, the NRA 
and the Scottish Office to study the migratory behaviour of adult salmonids in 
estuaries and freshwater. The acoustic stage is a 76 khz transmitter based on the 
MAFF 76 kHzpinger (see section 3.2. l.iii) and the radio stage is a 173.7-174.0 
MHz transmitter based on the SALS radio transmitter (see section 2.2. l.vii). The 
transmitter circuitry and battery are enclosed in a polycarbonate case with 
hemispherical ends, 70 mm long x 16.5 mm in diameter and weighing 17.8g in air 
and 4.5g in water. To conserve power the acoustic stage is switched off after a 
predetermined number of transmitted pulses. The radio stage will continue to 
operate for up to 9 months. The signals from the tag can be monitored and 
recorded using a MAFF automatic Ustening station (see section 2.3.2. iv). 
• The MAFF CARTS have proved both reliable and suitable for use under a range of 
conditions in relation to the tracking of adult fish. An assessment of the suitability 
of these tags for fish tracking are known to the contractors. 
ii. University of Aberdeen (Scotland) 
• The University of Aberdeen have developed a combined acoustic and radio tag for 
fixing direction and range of freshwater fish (RAFTX). The transmitter incorporates 
a pulse-shaper and timer which simultaneously triggers the radio and acoustic 
output stages to emit pulses of 5 ms duration at intervals of Is (Table 9). The pulse 
frequency is 75 Hz on the acoustic channel and within 49.82-49.98 MHz frequency 
band on the radio channel. Source levels are 172 dB re 1 uPa at 1 m and lOOuW 
for the acoustic and radio systems respectively. The electronic components and a 6 
V PX28L hthium battery are encased in a polypropylene tube in silicon oil. The tag 
is 55 mm long x 16 mm in diameter and weighs 26 g in water. The tag life is 
around 30 days. The position and distance of a tagged fish is calculated from the 
time delay between the arrival of the radio pulse and acoustic pulse at a receiving 
station (see Armstrong et al. 1988). 
Q The tags operate in the frequency range allocated to General Purpose Telemetry 
and remote control applications (including baby alarms, garage door closers, etc.). 
Users of the tags do not therefore require a licence for this band, but the tags will 
have to be DTI type-approved. It is not known whether type-approval has been 
granted. The tags are not commercially available. 
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5. HIGH RESOLUTION POSITION FIXING. 
5.1 Introduction 
There is an increasing need to describe the movement and position offish within a 
defined area with greater precision. The NRA have given an outline specification for 
such a system which requires an accuracy of 1 m or less for both horizontal and 
vertical movements. A number of position fixing systems have been developed to 
study the behaviour offish in a variety of conditions and environments. 
All the dedicated position fixing systems have been designed to utilise acoustic signals. 
There have been two principal reasons for this. Firstly, most systems fix the position of 
the tags by measuring the differential time delay in arrival of a signal at a fixed array of 
receivers. Acoustic signals have been used because the velocity of sound waves in 
water (1500 ms"l) produces a measurable time interval. The velocity of radio waves 
. (speed of light) precludes the use of radio telemetry because the time intervals would 
be extremely short and difficult to measure. Secondly, acoustic designs can be 
deployed in saline as well as freshwater conditions. Lotek Engineering Inc. produce a 
system of fixed site radio receivers and aerials which can be used to automatically 
locate the position of tags. However, in comparison to the acoustic positioning 
systems the accuracy of this system is poor. Position fixing is normally in'the order of 
100 metres, although in discussions it was suggested that underwater aerials could be 
used to record fish movements through very small areas (e.g. lm^). However, this 
does not allow precise position fixing over a wide area and it is therefore not been 
included in this section. 
Each of the acoustic systems operate using essentially the same principle. The position 
of the tag (fish), is fixed using a minimum of 3 hydrophones positioned at known co-
ordinates. The tag position is determined by measuring the differential time intervals 
between signal detection by each of the receivers. A system using 3 hydrophones 
positioned in the same plane will determine the movements of the tag in 2 dimensions. 
Additional hydrophones positioned in a different plane to the others will allow the 
position of the tag to be fixed in 3 dimensions. Alternatively, vertical movements may 
be measured by using a pressure tag in conjunction with surface buoys. 
Most systems use acoustic tags which continuously emit acoustic signals at 
predetermined pulse rates e.g. 60 beats per minute (bpm). Where pressure tags are 
used to give depth information, this will be telemetered by varying the pulse rate. The 
maximum time that a system may be used to continuously monitor the position of a 
fish will therefore be limited by the life of an individual tag. Most acoustic tags have a 
maximum life measured in weeks rather than months. Long term studies (e.g. 6 
months), using position fixing would require that the pulse rate of the tags is 
significantly reduced to maximise battery life (e.g. < 5 bpm). Under these 
circumstances there will be a corresponding increase in the interval at which the 
position of the fish may be fixed. 
Propagation of acoustic signals can be significantly affected by environmental 
conditions. The range of the tags may be significantly reduced by turbulence, air 
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entrainment and suspended solids in the water. In addition, in certain environments 
(rocky substrates, underwater cliffs, etc.), the acoustic signals may be reflected or 
distorted which will effect the accuracy of the position fixing. 
The total area that may be studied by any system is related to the minimum range over 
which the fixed hydrophones can detect the tags. The accuracy of position fixing in 
general will be greater when the tag is inside the area defined by the hydrophone array. 
As soon as the tag moves outside this area the margin of error increases. 
Under certain circumstances the total area that may be studied may change with time 
and be affected by environmental conditions. For example, in an estuarine environment 
where there is an effect on tag range due to changes in the levels of suspended solids at 
different states of the tide, the effective area that can be studied varies with time. 
The size and species offish that may be studied using a positioning system will depend 
upon the size, weight and method of attachment of the tag to the fish. It is advisable 
that appropriate studies on the effects of the tags on behaviour and survival of each 
species need to be carried out prior to each study. 
All the acoustic positioning systems are software controlled and should be able to 
provide data that is compatible with the NRA WAMS database system. 
5.2 Positioning systems 
i. MAFF (England) High Resolution Tracking System 
• MAFF have developed a High Resolution Tracking System to monitor precisely 
the movements offish within a localised study area. The system is acoustic and is 
based upon the MAFF designed acoustic sonar buoys (see section 3.6.i) and pinger 
transmitters (see section 3.2.1.iii). 
The system uses 3 to 5 acoustic sonar buoys positioned at known co-ordinates 
around the study area to determine both the vertical and horizontal position of the 
tag. The system can operate at two frequencies, 76 kHz and 300 kHz. Acoustic 
signals from the tags which are in the detection range and the chosen frequency 
band (72-79 kHz or 296-308 kHz as appropriate), are detected by the sonar buoy 
and transmitted via an aerial as radio signals. These radio signals are received at a 
Reception and Processing Station (RPS) based on shore. The RPS consists of 3-5 
radio receivers, each tuned to the radio frequency of one of the sonar buoys and 
linked via a timer-board interface to an IBM compatible microcomputer, which 
processes and stores the positional data. 
Within the area defined by the acoustic sonar buoys the resolution of the system is 
around lm. Each position is stored as part of a continuous track of the fish's 
movement within the study area. The processing software includes filtering and 
mathematical error minimisation techniques. A position is logged every time a 
signal is detected by three or more buoys. A tag with a pulse rate of 60 bpm may 
provide a fix every second and 24 hours of such data may be stored on a single 
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computer disc. The system will operate using tags of variable pulse rates. The data 
would be compatible with the NEA WAMS database. 
The positioning system can be used in conjunction with MAFF developed acoustic 
pinger transmitters. The positions offish as small as 125 mm may be fixed using 
the 300 kHz system in conjunction with the miniature 300 kHz smolt tag (see 
section 3.2. l.iii). The system may be used in freshwater, estuarine and marine 
environments. In saline conditions the tag has a maximum range of 120 m. 
The 76 kHz system has been deployed downstream of the Tawe barrage, Swansea 
to track the movements of returning adult Atlantic salmon close to the barrage fish 
pass. The range of the tags differed significantly under different tidal conditions. At 
low water the range fell from 200-300 m to 30-40 m. However, conditions 
experienced in this environment were particularly poor for the propagation of 
acoustic signals. In areas of mild turbulence and air entrainment a high powered 
300 kHz transmitter may provide a greater range. 
Q The system is not commercially available. 
i. VEMCO Radio Linked Acoustic Positioning (Canada) 
• The VEMCO Radio Linked Acoustic Positioning System uses standard VEMCO 
pingers and acoustic buoys (see sections 3.2. l.vii and 3.6.ii). The position of the 
tag is fixed with respect to three sonar buoys using the time delay of signal 
detected by each of the buoys. The sonar buoy array is automatically calibrated to 
provide distances between the three buoys. The signals are transmitted by a two-
way radio link to a base station containing a personal computer, an interface box 
with signal timer and software analysis package. The base station software 
controls the frequency and gain of the of the buoys' acoustic receivers. The buoys 
are surface mounted and therefore only provide movement offish in two 
dimensions. However, depth data can also be obtained using VEMCO depth 
sensitive transmitters. 
A graphics screen shows the movement of the pinger in real time or can be used to 
replay the movements of a pinger previously stored on disc. The movements of a 
number of pinger tags may be tracked simultaneously using different acoustic 
frequencies for each tag. Telemetry data can also be logged in a similar way. The 
system gives a position resolution of approximately 1-2 m, and using a pinger 
operating at 60 bpm, a fix may be obtained every second. The data obtained would 
be in a format compatible with the NBA WAMS database. The system can use any 
of the VEMCO pinger tags with up to 20 different pulse rates (see section 
3.2. l.vii). The size and species offish that can be studied will depend upon the 
size of the tag and method of attachment on the fish (see section 2.2). 
Q The system is commercially available and presently being deployed by the 
Norwegian Government to monitor the movements of spawning cod in the open 
ocean. It has also been used to study the migratory behaviour of salmonids in 
North American river systems. It is therefore considered suitable for further 
evaluation. 
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iii. Ultrasonic Telemetric System for Automatic Positioning of Individual Fish 
(Sweden) 
• This system has been developed with funds from the Fishery Board of Sweden. It 
operates using a similar principle to the previous two systems. The position of an 
acoustic transmitter in a fish is computed from the difference in arrival time of the 
signal to a fixed array of hydrophones. Three hydrophones close to the surface are 
used to position the fish in the horizontal plane. Two of these hydrophones 
together with a fourth placed at depth allows the system to be switched and the 
vertical position of the transmitter to be monitored. The major difference between 
this system and the previous two is that signals from the hydrophones are 
transmitted to the shore via underwater cables. A preamplifier is therefore required 
to amplify the signal and lower the impedance prior to transmission. The system 
can fix position with a resolution of around 1 m for a 100 m hydrophone 
separation. The data obtained would be in a format compatible with the NRA 
WAMS database. 
• The system has been used to study the movements of Atlantic salmon in a sea cage. 
A tag transmitting at 115 kHz was attached externally to adult salmon. Data on 
swimming speeds, horizontal and vertical swimming patterns and feeding behaviour 
have been described. The system is not yet commercially available. 
iv. CNRS-IFREMER Positioning System (France) 
• This positioning system built by J.J. Ducamp, Paris uses standard VEMCO 
acoustic pinger transmitters (Model V2B-2L-R - see section 3.2.l.vii) and an array 
of four hydrophones. The positioning system is based upon the measurement of 
arrival times of the acoustic signal at each of the four hydrophones. Technical 
details of the positioning system have been requested but have not yet been 
obtained. The positioning system is able to study the movements offish in an area 
500 m^ and position the fish every 5 s. The data obtained would be in a format 
compatible with the NRA WAMS database. 
• The system has been used by CNRS-IFREMER, France to study the behaviour of a 
number of species of marine fish (seabass, sea bream, common sole and turbot) 
used in the aqua culture industry. It is not known whether the system is 
commercially available. 
v. SOAFD Fixed Hydrophone Array System (Scotland) 
• The SOAFD Fixed Hydrophone Array System has been improved from an earlier 
design and has been described in detail by Urquhart and Smith (1992). The system 
automatically tracks acoustic tags by measuring the relative times of arrivals of the 
acoustic signal at a number of fixed hydrophone locations. The system is designed 
to be used with transmitters of any frequency from 10 to 310 kHz. The most 
commonly used band is nominally centred at 75 kHz and is approximately 20 kHz 
wide. The hydrophones were designed and built for use with transmitters in the 75 
kHz range by Sonar Research and Development Ltd, North Humberside. The 
transmitters so far used in conjunction with the system are the MAFF designed 16 
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kHz pingers (see section 3.2. l.iii), with a nominal minimum operating time of 28 
days. 
The hydrophones are mounted within the water column. Seabed mounting may 
result in distortion and reflection of the signal particularly from rocky substrates. 
The positions of the hydrophones are established prior to the tracking study. Each 
hydrophone can transmit as well as receive. In this way the distance from each 
hydrophone to its neighbour can be obtained and the geometry of the array of 
hydrophones may be determined. Each hydrophone is connected to the shore based 
receiver by individual cables which carry both the power to the hydrophone and the 
signal. Cable lengths of 600 and 1500 m have been used. The length of cable 
required will necessitate the correct choice of cable type together with a suitable 
current supply to obtain an optimum signal. 
Initial processing of the signal is carried out using an Essex Electronics Chameleon 
controller whilst the computation, control of the display, tuning, scanning and data 
logging is done by a microcomputer. The system is capable of tracking up to eight 
transmitters operating on different frequencies simultaneously by scanning. The 
more animals tracked, however, the greater the elapsed time between successive 
batches of fixes on any given fish. With a scan time of 20 s, the interval between 
successive fixes for eight fish tracked simultaneously is 160 s. For relatively mobile 
fish there will be a trade-off to be made between the number offish tracked and the 
detail which may be obtained from each individual. The main computer screen 
represents a plan view of the tracking range with the positions of the hydrophones 
and selected bottom features marked and numbered. The current position of the 
fish is shown together with the previous track of the animal. A second fish position 
and track can also be displayed and is differentiated from the first by different 
colours. Each fish position, in rectangular co-ordinates can be logged to disc 
together. The position of the transmitter may be fixed every second and 24 h of 
such data may be stored on a single disc. The data is in a format that would be 
compatible with the NRA WAMS database. 
• All the separate components that comprise the system are commercially available. 
5.3 An Evaluation of position fixing systems 
Only one of the position fixing systems (Vemco, Canada), is available commercially. 
The SOAFD system can be constructed from commercially available components but 
this would have to be carried out by the user. The acoustic buoys used in conjunction 
with the MAFF system are commercially available but the rest of the system has been 
produced in-house. An assessment of the suitability of this system for fish tracking are 
known to the contractors. The Vemco system operates using the larger Vemco sonar 
buoys which may limit its deployment under certain conditions. However, it would 
appear to be suitable for use by the NRA and should be considered for further 
evaluation. 
6. DATA STORAGE AND ARCHIVAL TAGS 
6.1 Introduction 
Data storage and archival tags collect and store environmental, physiological and 
positional data over extended periods for later retrieval and analysis. The NRA have 
identified a need for such tags particularly in relation to open ocean migrations of 
Atlantic salmon and coastal movements of sea trout. 
The concept of such a miniature fish tag was described over a decade ago, when 
Northwest Marine Technology (NMT) completed a feasibility design for an archival 
tag to be used on tuna (Hunter et al. 1986). At the same time, a study on the design of 
a data storage tag to record environmental data was underway at the MAFF Fisheries 
Laboratory, Lowestoft (Robinson 1985). Both NMT and MAFF have now produced 
working versions of their tags and other miniature data loggers have also been 
produced by other manufacturers for use on a range of animals. These may have 
applications on fish. 
All of the available data storage, archival tags and data loggers have sensors to collect 
and store environmental data such as temperature and depth. In certain instances, 
physiological data such as heart rate and internal temperature may also be monitored 
and stored. There are, however, only three manufacturers who have produced an 
archival or data storage tag that will also determine the geographic position of the tag 
over a given time period. All of these tags utilise an additional hght intensity sensor 
and the data collected may be used on its own or in conjunction with the depth and 
temperature data to obtain a geographic position. Obtaining geographic positions 
based on light intensity alone can be problematic. Longitude can be determined quite 
accurately by calculating local noon from the midpoint between dawn and dusk and 
may give a resolution of ± 1° of longitude. Latitude may be determined from the 
daylength calculated as the difference between either dawn and dusk, or sunrise and 
sunset. However, the potential error in calculating latitude is greater and is dependant 
upon both the latitude and the season. Additional errors can complicate geographic 
position offish when using hght intensity. Cloud cover, differences in the opaquicity of 
water and the depth at which the fish may swim may all effect the accuracy of position 
fixing. 
Latitude may be determined more accurately in some areas by using the temperature of 
the water at specific depths once longitude has been calculated. A simulation study of 
the precision of latitude estimates has been carried out by Smith and Goodman 
(1986). Five degrees of latitude was the minimum precision that could be expected 
from the model. Taking into account the previous position of the fish and having real-
time oceanographic measurements of the surface temperature from satellites and other 
sources an 2 or 3 fold increase in precision could be calculated. Alternative 
measurements which may be used to estimate position include magnetic dip. 
All the archival and data storage tags are fishery dependant. Data analysis and position 
fixing depends upon the tag being recovered from the fish usually through a 
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commercial or sport fishery. Thus the number of tags required for a study will depend 
upon the expected recovery rate. 
Sea trout in the sea (ref. Sea Trout R&D Project D01(91)03) 
It is doubtful whether data storage tags could provide information on the position of 
sea trout in the sea in the same way as suggested for salmon (Potter and Moore 1993). 
Salmon undertake extensive migrations where it may be feasible to use the sensors 
described above to determine a crude geographic position of the fish to within ± 1° of 
longitude and latitude. The accuracy of this position fixing is unlikely to be precise 
enough to determine the more localised movements of sea trout (100 -150 km) in 
coastal and off-shore waters. 
Data storage tags that measure temperature could provide information on the 
movements of sea trout in relation to thermal and other oceanic features. This 
information used in conjunction with real-time oceanographic measurements of the 
surface temperature obtained from satellites and other sources might be used to model 
movements of sea trout in the sea in some areas. 
An alternative approach to logging the position of sea trout in the sea would be a pop-
up tag. Such a tag would become detached from the fish after a specified condition 
was met (e.g. elapsed time, temperature or salinity). It would then float to the surface 
where it would transmit to the ARGOS satellite system (see section 9). This would 
provide a single position fix but if sufficient data from a number offish could be 
collected over a period of time the general movements of sea trout in coastal waters 
could be modelled. 
6.2 Data storage tags, archival tags and data loggers 
i. Northwest Marine Technology, Inc. (USA) 
• The NMT Archival Tag has been developed principally to determine the 
movements and positions of large fish such as tuna (Table 10). The tags measure 
external temperature, internal temperature, pressure (depth) and light intensity as 
well as storing Co-ordinated Universal Time. The environmental parameters are 
measured at a fixed rate (every 128 seconds) although the rate at which the data is 
logged can be programmed into the tag using a host software program.* NMT can 
undertake this task for the user. The fight intensity data is used to calculate the 
longitude of the fish on a daily basis using the derived time of sunrise and of sunset 
to give a resolution of one degree of longitude. Latitude is also calculated on a 
daily basis from water temperatures measured at three depths and fixed using the 
appropriate oceanographic reference data. Five degrees of latitude is the minimum 
precision that may be expected, a figure that has been derived from a simulation 
study (Smith and Goodman 1986). The derived data can be downloaded to a 
standard software spreadsheet and should be compatible with the NBA Water 
Archive and Monitoring System (WAMS). NMT will also extract the recorded 
data for the user when the tag is recovered. 
The tag has 256 KBytes of data memory and logging at 15 minute intervals up to 
1.5 years of data may be accumulated. The tags circuitry and power source are 
encapsulated within a stainless steel cylinder whilst the sensors are located on a 
flexible stalk, (30-200 mm in length) that protrudes from one end. This permits the 
main body of the tag to be implanted within the fish with the sensors on the 
outside. External attachment of the tag can therefore be avoided. The size of the 
tag (100 mm) is in excess of any presently used to study the behaviour of teleosts 
in the UK Its suitability for use on any species would necessitate a thorough study 
on the effects of attachment on the survival and behaviour of individuals. NMT are 
carrying out trials to determine the most suitable site and method for attaching the 
tags to tuna. The tags have so far not been used to track fish in the open oceans. 
The tag will be commercially available in 1994 and an initial indication of the price 
isUSS 1000 per unit. 
• The tag is expected to be commercially available in the near future. Its design and 
position fixing capability appears suitable in relation to the tracking requirements of 
the NRA and it is considered suitable for evaluation. 
ii. MAFF (England) 
• The MAFF Data Storage Tag has been initially designed to study the movements 
of plaice in the North Sea. The tag is domed in shape, 46 mm in diameter x 22 mm 
in height and weighs 5 5g in air and 23 g in sea water (Table 10). The tag can record 
data for up to about 9 months and, with 1 MBit (128k by 8 bit) of memory, store 
at least 32000 data samples. The tag has eight sensor channels although only two 
are used at present to measure pressure and temperature. Programming and data 
retrieval are carried out using a tag reading unit and software with pull-down 
menus and on-screen help. Communication is via a two-way serial RS232 infra-red 
optical link operating through the tag casing. Each sensor channel can be 
programmed to sample independently with any sequence of sampling protocols and 
at sampling rates from 1 minute to a number of years. The tag records pressure to 
give depth to 100 m with a resolution of 0.2m and temperature in the range -4°C to 
23°C ± 0.03°C. The tag can however with the addition of a different pressure 
sensor provide a greater range of depths but with a decrease in the resolution. 
Calibration data for each sensor are stored in the tag, so that, on return, data can 
be downloaded into engineering units for display in a spread sheet. In this format 
the data could be downloaded to the NRA Water Archive and Monitoring System 
(WAMS). 
The tag has been used on plaice in the North Sea providing data on the depth and 
temperature the fish experienced. This data together with Admiralty tidal stream 
and sea surface temperature data has been used to model the movements of the 
plaice. The domed tags are attached externally to the plaice and are designed to be 
returned via the commercial fishery. The tag is not yet available commercially. 
A cylindrical version of the tag is also under design together with a solid state 
compass sensor. Development of sensors for water speed, tilt angle and light 
intensity are also planned. 
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Q An assessment of the capabilities and suitability of the tags for use by the NRA in 
fishery studies are known to the contractor. 
iii. Wildlife Computers (USA) 
• The Wildlife Computers Dive Recorders have been developed to collect and 
digitally record data on the behaviour of diving animals (Table 10). Depending 
upon the model chosen data on depth, environmental temperature, heart rate, 
swimming velocity and light intensity may be recorded. The recorders have up to 
eight channels each of which can be programmed independently by user-defined 
sampling protocols to sample at rates from 1 second to 255 minutes. The sampling 
software is inside the recorder and the sampling parameters are entered via PC 
driven software and a serial interface prior to deployment. 
The Mk3 model is cylindrical in shape, 149 mm in length x 25 mm in diameter and 
weighs 100 g. Memory size can be specified from 128 KBytes to 2 MBytes and the 
tag can store up to 2 MBytes of data for one year. The Mk3 records depth, 
temperature, heart rate and light intensity. The Mk5 model is rectangular in shape, 
64 mm in length x 38 mm in width x 13 mm in height and weighs 50 g. Memory 
size can be either 128 or 512 KBytes and the battery has sufficient power for 10 
years of seasonal use. The Mk5 records temperature, depth and light intensity. The 
Mk6 model is essentially the same but is ovoid in shape 69 mm in length x 57 mm 
at the widest part x 35 mm at the tallest point and weighs 80 g. It also has an 
additional velocity meter. 
An estimate of location (± 60 miles) can also be determined using recorded light 
intensity and temperature data and a GEOLOCATION analysis software package. 
Longitude is calculated from the time of local apparent noon and latitude from the 
length of day. Sea surface temperature data may be used in conjunction with 
satellite imagery to improve the latitude estimate close to the equinoxes. As all the 
calculations used in fixing position use light intensity measured at the surface of the 
water, a greater margin of error may occur if data is obtained from tags attached 
to fish. The derived data is in a suitable form to be downloaded to the NRA Water' 
Archive and Monitoring System (WAMS). 
• The loggers are designed to be attached externally and removed from the animal 
for data retrieval. The loggers have been deployed on pinnipeds, penguins, and 
cetaceans but so far not on fish. The suitability for use on teleosts has therefore 
not yet been assessed. The loggers are commercially available. The position fixing 
capability of the loggers appears suitable in relation to the tracking requirements 
of the NRA and the smaller model (Mk 5) is considered suitable for evaluation. 
iv. Alec Electronics Co., Ltd. (Japan) 
• The Micro Data-recorder System is a series of recorders to measure water 
temperature, pressure (depth) and light intensity and have been developed for 
underwater studies on various mammals and fish (Table 10). Each recorder has the 
facility for one sensor and therefore measures only one environmental parameter. 
The recorders are either 109 or 127 mm in length and 18 mm in diameter and 
weigh either 28.4 or 33.6g in air depending upon the model. The recorders have 32 
KBytes of memory which is sufficient for 440 days of continuous recordings at 20 
minute intervals. The rates at which each recorder samples data can be varied and 
the collected data can be downloaded to a PC for analysis using the available 
interface unit and software. The derived data is in a suitable form to be 
downloaded to the NRA Water Archive and Monitoring System (WAMS). 
The recorders have been used to study the movements of turtles and yellowtail fish. 
The recorders have been attached externally during these studies and need to be 
recovered from the animal before the data can be processed The recorders are 
commercially available. 
Q The recorders only have the facility for one sensor and are unable to combine two 
or more environmental parameters. They are not considered suitable for further 
evaluation. 
v. Birmingham University (England) 
• An implantable data logging system for heart rate and body temperature has been 
developed at the University of Birmingham to study the physiology of birds and 
pinnipeds (Table 10). A number of the units have been deployed in the Antarctic to 
study the energetics of marine predators and in the laboratory to study the 
relationship between oxygen consumption and heart rate in fur seals. The loggers 
are of a suitable size (55 mm in length x 24 mm in width x 6.5 mm in height), to be 
implanted within penguins but have so far not been used on fish. 
Q The loggers do not measure environmental data or determine geographic position. 
The loggers are not commercially available at present. 
vi. Zelcon Technic Pty Ltd. (Australia) 
• Zelcon Technic Pty Ltd. have developed the SBT100 Fish Logger to be used on 
free ranging fish specifically the Southern Blue Fin Tuna. These dataloggers record 
light levels, temperature and depth accurately with time and may be used for 
geolocation using data from sunrise and sunset. The loggers are 77 mm in length x 
27 mm in width x 14 mm in height, and 55 g in weight. The logger records 
pressure to give depth to 500 m with a resolution of 2 m and temperature in the 
range -10°C to 30°C ± 0.2°C. The logger has a 256 K memory and a life of 8 
years. The data is stored in an ASCII format and could be downloaded to the NRA 
Water Archive and Monitoring System (WAMS). 
Q The tag is expected to be commercially available in the near future. Its design and 
position fixing capability appears suitable in relation to the tracking requirements of 
the NRA and it is considered suitable for evaluation. 
vii. Vemco (Canada) 
• Vemco produce the "Minilog" series of miniature temperature, depth and time data 
loggers (Table 10). Two models are available a temperature data logger (68 mm 
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long x 12 mm in diameter) and a combined temperature and depth data logger (68 
mm long x 16 mm in diameter). The data logger downloads data to a PC with 
wireless infrared light interface and has up to 5 years of battery life with a capacity 
of 8000 readings of temp and depth. The data can be retained in the memory for 20 
years. The temperature resolution is 0.1°C for 24 °C span or 0.2°C for 40 °C span. 
The temperature sensor is mounted on a protruding stainless probe. The depth 
resolution is 1% of the full scale depth. The tags also have a time delay option. The 
derived data is in a suitable form to be downloaded to the NRA Water Archive and 
Monitoring System (WAMS). 
Q These loggers do not give position However, they are small and one combines both 
temperature and depth data. The combined temperature and depth logger appears 
suitable in relation to the tracking requirements of the NRA and it is considered 
suitable for further evaluation. 
viii. Stjornu Oddi hf. (Iceland) 
Stjornu Oddi hf. have developed an Archival tag for use on fish. The tag is 56 mm long 
x 17 mm in diameter and weighs 8 g. The tag measures temperature and depth but only 
has sufficient memory to store 1980 records. This is inadequate memory for a light 
sensor for geolocation. The tag also has to be hard wired to download the data. 
Q This tag does not give position and has insufficient memory. The tag does not 
appear suitable in relation to the tracking requirements of the NBA and it is not 
considered suitable for further evaluation. 
6.3 Evaluation of archival and data storage tags 
The tags and loggers that appear suitable for further evaluation are:-
• The Northwest Marine Technology, Inc. (USA) Archival Tag (see section 6.2.i). 
• The Wildlife Computers (USA) Dive Recorders (see section 6.2.ii). 
• The Zelcon (Australia) Fish Logger (see section 6.2.vi). 
• Vemco (Canada). Miniloggers (see section 6.2.vii). 
• Assessments of the capabilities and suitability of the MAFF Data Storage Tags for 
use by the NRA in fishery studies are known to the contractor. 
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7. TELEMETRY AND SENSORS 
7.1 Introduction 
Local environmental (external) data or physiological (internal) data can be telemetered 
from sensors attached to an animal by altering the frequency or pulse rate of radio or 
acoustic tags or by other simple codes. Temperature is relatively easy to monitor since 
thermistors provide a compact solid-state sensor. For aquatic animals, pressure sensing 
is used as a means of depth determination. Electrochemical sensing transmitters have 
been developed for measuring dissolved oxygen and salinity. 
Compass sensors have been used with acoustic tags to determine the bearings of 
migratory fish and light sensors have been used on archival tags to calculate the 
position offish in the oceans. Miniature sensors are available that measure pH but 
these have so far not been built into a usable transmitter. 
For telemetry of internal physiological state, heart rate tags have received much 
attention. The data derived from such tags can be used to give an indication of 
metabolic rate. Sensors to measure swimming speed, tail beat frequency and feeding 
activity have also been developed. Other parameters such as internal temperature, 
blood pressure, activity and inter cranial pressure can also be telemetered but these are 
generally used in relation to monitoring laboratory animals. 
This section covers all the potential sensors and telemetry transmitters identified by the 
NRA in the terms of reference as possible requirements for future tracking studies. 
7.2 Transmitters 
7.2.1. External parameters 
i. Temperature 
• Lotek Engineering Inc. (Canada) have the option to include a temperature sensor 
on the standard FRT series of fish radio tags (see section 2.2.l.v). The 
temperature within the transmitter is measured and transmitted as linear variation 
of pulse rate (sensitivity ±0.2°C). The temperature may be displayed digitally on 
the SRX_400 (see section 2.4.2.ii) or alternatively pulse rate is converted to 
temperature using calibration sheets provided with each transmitter. The data 
would be compatible with the NRA WAMS database. 
• Used in conjunction with the SRX_400 receiver these tags appears suitable for 
NRA tracking requirements and are considered suitable for further evaluation. 
• Sirtrack (New Zealand) produce a remote temperature telemetry system. The radio 
tag is 21 mm long x 7.5 mm wide x 7.2 mm high and weighs 2.5 g and can operate 
in the 173.7 - 174 MHz frequency band. Temperature is measured by a decoder 
that plugs into a tracking receiver. The decoder measures the differences in pulse 
rate and expresses this as a direct temperature reading. 
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• The tags must be used with a Sirtrack decoder. No information is available on this 
decoder and so it is not considered for further evaluation. 
• Sonotronics (USA) produce an acoustic coded temperature tag based on the 
Model CT-82 (see section 3.2.3.i). The tag comes with a calibration program in 
Basic language for PC operation. The information from the tags can be logged 
using the DR-92 Decoder (see section 3,4.ii). The data would be compatible with 
the NRA WAMS database. 
• The coded tag appears suitable for NRA tracking requirements and is considered 
suitable for further evaluation. 
• The Vemco Ltd (Canada) V16 and V22 Series of acoustic tags (see section 
3.2. l.vii) all have the option of temperature sensors. The tags use linear interval 
coding which is a simple linear relationship between pulse rate and the data 
transmitted. The standard pulse rates variation is from 1000 ms to 1510 ms. Data is 
received and decoded using the VR60 receiver (see section 3.4.i). The data would 
be compatible with the NRA WAMS database. 
• The coded tag appears suitable for NRA tracking requirements and is considered 
suitable for further evaluation. 
• The data storage and archival tags also measure temperature (see section 6). A 
number of the tags are able to combine information from 2 or more sensors (e.g. 
temperature, light, depth) and store the information. 
ii. Pressure/Depth 
• The Ministry of Agriculture, Fisheries and Food (England) produce a transponding 
pressure tag for use with the sector scanning sonar (see section 3.2.2. ii) to study 
fish behaviour. The tag is 62 mm long x 15 mm in diameter and weighs 19.34 g in 
air. The tag gives a resolution of ±0.5 m. 
• The tag is not commercially available. 
• Sonotronics (USA) produce a depth tag (DT-88) which operates at 32 to 40, 50, 
71 to 77 kHz frequencies. The tag is 80 mm long x 17 mm in diameter and weighs 
12 g in water. The life of the tag is 7 days on the surface and 14 days at maximum 
pressure and has the option of longer life. The range of the tag is up to 3000 m and 
the data is received and decoded using the DR-92 Decoder (see section 3.4.ii) and 
the depth may be displayed as in any designated units. The data would be 
compatible with the NRA WAMS database. 
• The depth tag appear suitable for NRA tracking requirements and is considered 
suitable for further evaluation. 
• The Vemco Ltd (Canada) V16 and V22 Series of acoustic tags (see section 
3.2. l.vii) all have the option of pressure sensors. The tags use linear interval 
coding which is a simple linear relationship between pulse rate and the data 
transmitted. The standard pulse rates variation is from 1000 ms to 1510 ms. This 
means that a pressure transmitter will output 1000 ms on the surface increasing to 
1510 ms at full scale depth. Data is received and decoded using the VR60 receiver 
(see section 3.4.i). The data would be compatible with the NRA WAMS database. 
• Vemco pressure tags are widely used to study fish behaviour and have a good 
reputation for rehabihty. The Vemco depth tags appears suitable for NJRA tracking 
requirements and are considered suitable for further evaluation. 
• The data storage and archival tags also measure pressure/depth (see section 6). A 
number of the tags are able to combine information from 2 or more sensors (e.g. 
depth, temperature, light,) and store the information. 
ill. Salinity. 
• An ultrasonic salinity sensing tag has been developed by Priede (1982) for 
attachment to fish moving through estuaries. The salinity transducer is based upon 
an ion selective membrane cell the output of which modulates the output pulse 
frequency of the tag. The tag operates at 77 kHz frequency and can be detected 
using conventional acoustic tracking equipment. The tag is 75 mm long and weighs 
28 g in air and 11.7 g in water. The PX27 battery gives a life of 6 days and the 
range is around 500 m The tag has been used to study the movements of Atlantic 
salmon in the estuary of the River Esk. 
• The tag is not commercially available. 
iv. Oxygen 
• An acoustic oxygen telemetry tag has been developed by Priede et al. (1988). The 
oxygen sensor is a Clark-type electrode 15 mm in diameter machined from 
perspex. The cathode is 0.125 mm diameter platinum and the anode is a silver 
annulus 6 mm in diameter. Saturated KC1 electrolyte solution is trapped beneath a 
Teflon membrane held in place with an O-ring. The tag operates at 75 kHz and the 
output is in the form of variable pulse rate. The tag is 72 mm long x 19.6 mm in 
diameter and has a life of around 10 days. The tag has been used to study the 
movements of sea trout in the River Ribble. 
• The tag is not commercially available. 
v. Light 
• Three of the data storage and archival tags have light sensors (see section 6). The 
light sensors are principally used to obtain a positional fix. A number of the tags 
are able to combine information from 2 or more sensors (e.g. light, depth and 
temperature) and store the information. 
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vi. pH 
• Sentron (USA) have developed a miniature pH sensor (approx. 4 mm in length)' 
which they have incorporated into a portable pH system. The sensor which is an 
Ion Sensitive Field Effect Transistor (ISFET) has a sensitivity of pH ± 0.01 and 
may have a future application in fish telemetry. However, at present it is not 
incorporated into an existing telemetry tag. 
vii. Compass bearing 
• The Ministry of Agriculture, Fisheries and Food have developed an acoustic 
transponding compass tag for use on free-swimming fish (Pearson and Storeton-
West 1986). The compass sensor has a magnetic rotor and the position is 
determined by interruption of 8 infra-red light beams. A sector scanner is used to 
interrogate the compass. When the sonar interrogation pulse reaches the 
transponder it responds by first transmitting an acoustic pulse and then initiating 
the compass readout. A second pulse is then transmitted which is delayed by an 
amount dependant on the compass bearing. The operator sees two pulses on the 
sector scanning sonar display, the first giving the range and bearing of the fish, the 
second giving its compass bearing by the distance between the pulses. This distance 
has eight values so that the fish's heading can be resolved into one of eight 45° 
sectors. The tag is 70 mm long x 22 mm in diameter and weighs 7 g in water. The 
battery has a life of 65 hours minimum The tag has been used to study the 
behaviour of migrating Atlantic salmon on the NE coast of England (Potter 1985). 
• The tag is not commercially available. 
viii. Ammonia 
• The present review was unable to find an available suitable miniature sensor to . 
measure ammonia with a telemetry tag. 
7.2.2 Internal parameters 
i. Tail-beat frequency 
• The Ministry of Agriculture, Fisheries and Food is developing a prototype activity 
radio tag under DTI Test and Development licence. The tag incorporates an 
accelerometer coupled to the radio signal output. The activity tag transmits a 
frequency-modulated continuous-wave form (CW) radio signal with a source level 
of-35 dBm effective radiated power at nominal operating frequency of 173.8 
MHz. The tag enclosed in a plastic case is 70 mm long x 15 mm in diameter and 
weighs 14.6 g in air and 1.4 g in water. The tag has a life of around 10 days and a 
range of 50 m. The tag has been used to study the tail-beat frequency of spawning 
Atlantic salmon (Johnstone et al. 1992). 
Q The tag is not commercially available. 
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ii. Feeding activity 
• A prototype feeding activity tag is being tested by the Norwegian Government in a 
series of trials on caged salmon. The main circuitry is designed by Vemco and the 
sensor is in the form of a ring pressure transducer that is placed around the 
oesophagus of the fish. 
• No further details are available. 
iii. Swimming speed 
• The Wildlife Computers Mk 6 Dive Recorder has a velocity meter that allows the 
swimming speed of an animal to be calculated (see section 6.2.hi). 
Q Vemco have a swim speed sensor on the V32 series of acoustic tags which are 32 
mm in diameter. No further details are available of these tags but it is unlikely that 
they can be used on any fish other than the large species (sharks etc.). 
iv. Heart rate 
• Aberdeen University have developed both an acoustic and radio heart rate tag that 
operates at 77 kHz frequency (acoustic) or 173.2 MHz (radio). The pulse duration 
is either variable, 1-50 ms (acoustic) or fixed 20 ms (radio). The pulse rate is 
dependant upon the heart rate. Zero pulse rate is indicated by an obviously slow 
pulse repetition rate. The tag is 60 mm long x 16 mm in diameter and the life of the 
tag which is dependant upon heart rate is 30 days nominal. 
The tag has been used in conjunction with a portable 24-hour recording system 
developed by the Scottish Office to study heart rate of Atlantic salmon during the 
spawning migration. The system consists of a Yaesu FT-290 radio receiver (see 
section 2.4. l.viii), connected via a demodulator circuit to a slow speed tape 
recorder powered by a 12 V rechargeable battery. The unit is housed in a sealed, 
weatherproof plastic carrying case 38 cm wide x 30 cm long x 18 cm high and 
weighs 8.7 kg. Signals from the tag are recorded on tape together with a time 
code. A continuous, accurate heart rate record can be made for more than 24 h on 
a single side of a standard audio cassette. The tapes are replayed for analysis in 
accelerated time using a separate replay unit and microcomputer. For full 
description of the system see Lucus et al. (1992). 
• The tag is not commercially available. 
• MAFF produce a 300 kHz acoustic tag that can measure heart rate. The tag is 58 
mm long by 15 mm in diameter and weighs 23 g in air and 10 g in water. The pulse 
rates are normally set between 20 and 120 pulses per minute and the tag life is 
about 30 days. 
Q The tag is not commercially available. 
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• The Vemco Ltd (Canada) V16 and V22 Series of acoustic tags (see section 
3.2. l.vii) all have the option of a heart rate sensor. The tags use linear interval 
coding which is a simple linear relationship between pulse rate and the data 
transmitted. The standard pulse rate variation is from 1000 ms to 1510 mis. Data is 
received and decoded using the VR60 receiver (see section 3.4.i). The data would 
be compatible with the NUA WAMS database. 
Q Vemco heart rate tags are widely used to study fish behaviour and have a good 
reputation for reliability. The tags appears suitable in relation to the tracking 
requirements of the NRA and are considered suitable for further evaluation. 
v. Muscle activity 
• Lotek Engineering (Canada) produce a biotelemetry system designed to obtain, 
transmit and record the electromyograms (EMGs) produced by muscle activity of 
free-swimming fish as quantitative indicators of overall fish activity. EMGs are 
transmitted as radio pulses with the intensity of muscular activity determining the 
intervals between pulses. The transmitter package also contains temperature 
sensors with fish temperature being transmitted after every 32nd pulse. Transmitted 
EMG and temperature pulses are detected, measured and stored by the SRX_400 
receiver/data logger (see section 2.4.2. ii). The data would be compatible with the 
NRA WAMS database. The embedded transmitter is 50 mm long x 15 mm in 
diameter and contains an instrumentation amplifier for low voltage, high impedance 
EMG signals from Teflon coated, stainless steel electrodes embedded in the 
muscle. 
The tag has been used to assess the response offish to different designs offish 
passage structures by monitoring the energy expenditure as flow rates and 
structure design are experimentally manipulated. The tag may also provide a 
technique to determine precise location and timing of spawning as well as 
determine the sort of activity change is associated with the spawning act. However, 
signal calibration needs to be carried out prior to any interpretation of the results. 
Q Lotek muscle activity tags are used to study fish behaviour and have a good 
reputation for reliability. The tags appears suitable in relation to the tracking 
requirements of the NRA and are considered suitable for further evaluation. 
vi. Opercular rate 
• Aberdeen University (Scotland) have developed an acoustic tag for measuring the 
ventilatory rhythm of salmonids (see Oswald 1978). The tag is essentially the same 
as that used to measure heart rate (see section 7.2.2.iv ). 
Q The tag is not commercially available. 
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7.3 Evaluation of telemetry tags 
Only a limited number of telemetry tags are available commercially. These measure 
temperature, pressure (depth), heart rate and muscle activity. The following tags 
appear suitable in relation to the tracking requirements of the NRA and are considered 
suitable for further evaluation. 
• The Lotek (Canada) temperature and muscle activity radio tags (see sections 
7.2. l.i and 7.2.2.v). 
• The Sonotronics temperature and pressure acoustic tags ( see sections 7.2. l.i and 
7.2.1.ii). 
• The Vemco temperature, pressure and heart rate acoustic tags (see sections 7.2. l.i 
and7.2.1.iiand7.2.2.iv). 
8. MINIATURISATION 
One of principal aims in the development offish tracking and telemetry equipment is 
the miniaturisation of the tags. All manufacturers and designers of tags continue to 
address this aim. Reducing the size of a tag will in turn decrease its effects on the 
behaviour and survival of the fish and also permit smaller individuals to be studied. The 
major restriction on miniaturisation of tags is the battery. Any new developments in the 
miniaturisation of power units would significantly reduce the size and weight of 
existing tags. The incorporation of new developments in silicon die technology may 
also in the future reduce the size, weight and power requirements of tags. The major 
restriction on miniaturisation of acoustic tags is the diameter of the transducer. 
However, it is possible to produce small acoustic tags with the range of lower 
frequency larger tags by resonating the transducer off-frequency. For instance the 
range of a miniature 300 kHz tag could be increased by resonating the 300 kHz 
transducer at 16 kHz frequency. Further developments are required in this area. 
9. SATELLITE TRACKING 
Satellite systems provide a means of tracking animals over vast distances. Potentially a 
large number of identified individuals can be tracked simultaneously without the need 
for surface craft. The only currently available satellite system available for tracking 
studies is the ARGOS data collection and location system carried on board the 
National Oceanic and Atmospheric Administration (NOAA) series of polar orbiting 
satellites (altitude 850 km). The capacity of the ARGOS system will increase fourfold 
in 1994, with the advent of new satellite models. Commercial, technical and 
administrative management of the system is managed by CLS/Service Argos in 
Toulouse who have a regional office in London. Radio transmitters that are used in 
conjunction with the ARGOS system are know as platform transmitter terminals 
(PTT). 
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The systems can generally provide position fixing with a precision of 350 m. This 
must be considered as an alternative means of tracking salmon and sea trout in coastal 
waters and open ocean. However, there are potentially two factors limiting the use of 
satellite systems to track fish. 
• The size of the PTT may be prohibitive for use except on only the largest species. 
• The tags operate at a frequency of 401.650 MHz in the UHF radio band and there 
use is severely limited in the marine environment due to the rapid attenuation of 
radio signals in saltwater. 
Priede (University of Aberdeen) has developed a prototype PTT which might be 
suitable for use on salmon. The basic PTT module weighs 6g and is rectangular in 
shape with dimensions 55 mm x 17 mm. It has a Hthium battery pack 55 mm long x 
14.5 mm in diameter and weighs 18 g. The battery gives a life if around 10 days at 400 
mW power output. The prototype achieved 11 locations in 16h ; 4 at class 0 (poor 
quality unknown error), 4 at class 1 (not guaranteed, precision ca. 1 km) and 3 at class 
2 (standard quality precision 350 m). The tag is not commercially available. 
The PTT still requires to be at the surface of the sea for a long enough period to 
transmit a signal to the satellite system. Priede proposes two possible methods of 
attachment to overcome this potential problem. The first is a towed module where the 
PTT is attached to a float and is towed by the fish as it migrates. This requires that the 
fish remains close to the surface for long periods. The second is a pop-up version that 
will become detached from the fish after a predetermined time and transmit data to the 
satellite from the surface. This will however only give a single position fix for an 
individual fish. 
The advantage of satellite systems is that they are fisheries independent. This means 
that the tagged fish do not have to be caught to retrieve the tag and obtain the 
collected data. The development of PTTs is progressing rapidly in terms of 
miniaturisation and the inclusion of environmental sensors. A combination of the data 
storage tag technology together with the pop-up satellite technology would provide a 
very potent tool for fisheries studies. A tag that collected environmental and positional 
data over a number of months, then detached from the fish and transmitted all data 
back via satellite would be truly fisheries independent. Microwave Telemetry Inc. 
(USA), Telonics (USA) and Toyocom (Japan) are the principle manufacturers and 
developers of PTTs for use in wild life tracking. 
10. OTHER POTENTIAL FISH TRACKING SYSTEMS 
Biosonics (USA) 
• Biosonics produce the Passive Integrated Transponder (PIT) system. The PIT tag 
is a passive radio- frequency identification tag designed to work in conjunction 
with a compatible radio-frequency ID reading system. The transponder consists of 
an electromagnetic coil and microchip sealed in a tubular glass enclosure. There are 
three types of PIT tags ranging in size from 11 mm in length and 2.1 mm in 
diameter to 28 mm in length and 3.5 mm in diameter. The smallest tag weighs 76 
mg. When the PIT tag is interrogated by the reader it transmits its code (1 of over 
34 billion codes) to the reader which decodes and displays the alpha numeric ID 
number. The tags are read with one of two readers. The HS5105 Mini-Reader 
operates at 125 or 400 kHz has the capability of storing up to 1478 codes at a time 
which can be downloaded via an RS232 port to a computer. The HS5600 Handi-
Reader is a basic model reader without a memory. After displaying the code for 1 
minute the tag ED is erased. 
• The PIT tags are inserted internally and have a read range of about 6 cm. They may 
however have a number of applications in fishery related tracking studies and are 
widely used in North America to study fish movements in the field. They should be 
considered by the NRA as potential methods for fishery investigations. 
11. EQUIPMENT REQUIRING FURTHER EVALUATION IN PHASE 2 
The overall objective of the Fish Tracking Technology and Development Project is "to 
undertake a definition study to appraise the options to develop fish tracking 
equipment, in particular tags and data logging systems, in order to improve the 
efficiency of NRA tracking studies and to obtain a greater understanding offish 
biology". Phase 1, which is reported on here, comprised a desk study of the currently 
available systems, and in Phase 2, selected items of equipment will be tested in the field 
and laboratory in relation to the NRA's specific requirements. 
The consequences of not undertaking Phase 2 of the project (the "do-nothing option") 
will be that it will not be possible to evaluate fully the extent to which currently 
available technologies can satisfy the NRA's requirements or to pursue the most cost-
effective ways of making good any deficiencies. This will also preclude continuation of 
the programme to Phase 3, which will cover further development of selected items of 
tracking equipment. Failure to continue with Phase 2 of the programme will therefore 
significantly affect the NRA's ability to fulfil it's statutory duty in relation to effectively 
managing fisheries. The development of improved tracking techniques, incorporating 
more sophisticated systems, is required to address more thoroughly important 
objectives relating to fisheries management. Furthermore, failure to demonstrate 
adequate expertise and commitment to the investigation of strategic fisheries matters 
through the use of the most appropriate technologies will be detrimental to the 
'customer' image. 
There is a wide range of possibilities for the evaluation of the tracking equipment. 
However, a comprehensive examination of the most promising items is required. This 
is the basis of the following outline. 
This report has based all evaluations of equipment upon the information provided by 
commercial manufacturers, published reports/scientific journals and assessments by 
individuals with experience of the equipment. The quality and quantity of that 
information varied considerably and this should be taken into consideration when 
reading the report. Much of the tracking equipment is not available commercially and, 
although it may appear suitable in relation to the tracking requirements of the NRA, it 
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has not generally been considered for further evaluation. 
The radio tracking equipment considered most suitable for further evaluation was 
manufactured by the following companies: 
• Advanced Telemetry Systems. Inc. (USA) 
. Biotrack(UK) 
• Lotek Engineering Inc. (Canada) 
• MAFF (England) - manufactured under licence by Argus Electronics (Great 
Yarmouth) and HS Electronics (Norwich). 
• Televilt (Sweden) 
. Tetanies (USA) 
Similarly, there is only a small number of companies producing acoustic tracking 
equipment that are considered to merit further evaluation. These are:-
• MAFF (England) - manufactured under licence by Argus Electronics (Great 
Yarmouth) and HS Electronics (Norwich). 
• Sonotronics (USA) 
• Vemco (Canada) 
These companies all specialise in the design of complete systems for fish tracking. 
However, this does not mean that items of equipment bought from different 
manufacturers could not be operated together. In fact it is likely that the best systems 
for tracking fish may be developed by mixing and matching the best items of equipment 
in this way. 
The equipment produced by the above companies that appears to be suitable for 
further evaluation in relation to the tracking requirements of the NRA are Ksted below. 
Also Hsted are the Archival Tags produced by other manufacturers that appear suitable 
for further evaluation. 
11.1 Radio transmitters 
• The Advanced Telemetry Systems, Inc. (USA) Miniature and Implantable Tags 
(see section 2.2. Li). 
• The Biotrack (UK) Implantable Radio Tags (see section 2.2. l.ii). 
• The Televilt (Sweden) Radio Tags (see section 2.2.1.x). 
• The Tetanies (USA) Radio Tags (see section 2.2. l.xi). 
• The Lotek (Canada) Mini Tags (FSM Series) and the Coded Radio Tag (see 
sections 2.2. l.v and 2.2.2). 
. The MAFF (England) SAL3 and SAL4 Radio Tags (see section 2.2. l.vii). 
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• The MAFF (England) Combined Acoustic and Radio Tags (see section 4. l.i). 
11.2 Radio receivers and automatic fish tracking systems 
• The Advanced Telemetry Systems, Inc. (USA) Models R2100 and R4000 and the 
DCC II Data Collection Computer (see section 2.4.2.i). 
• The Lotek (Canada) SRX_400 (see section 2.4.2.ii). 
• The Televilt (Sweden) RX-900 receiver and data acquisition system (see section 
2.4.2.iii). 
• The MAFF (England) Automatic Listening Station (see section 2.4.2.iv). 
11.3 Acoustic transmitters 
• The Sonotronics (USA) Pinger and Coded Tags (see sections 3.2.l.v and 3.2.3.i). 
• The Vemco (Canada) V8, V16 and V22 Series of tags (see section 3.2. l.vii). 
• The MAFF (England) Pinger Tags (see section 3.2. l.iii). 
• The MAFF (England) Combined Acoustic and Radio Tags (see section 4. l.i). 
11.4 Acoustic receivers 
• The Sonotronics (USA) USR-5W and USR-90 receivers and DR-92 Data Decoder 
(see section 3.4.ii). 
• The Vemco (Canada) VR60 receiver and VR20/Monitor (see section 3.4.i). 
• The Lotek (Canada) ultrasonic receiver (see section 3.4.iv). 
• The MAFF (England) Acoustic sonar buoy (see section 3.6.i). 
11.5 High resolution position fixing systems 
• The Vemco (Canada) Radio Linked Acoustic Positioning System (see section 
5.2.ii). 
11.6 Archival and data storage tags 
• The Northwest Marine Technology, Inc. (USA) Archival Tag (see section 6.2.i). 
• The MAFF (England) Data Storage Tag (see section 6.2.ii.) 
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• The Wildlife Computers (USA) Dive Recorders (see section 6.2.hi). 
• The Zelcon (Australia) Fish Logger (see section 6.2.vi). 
• Vemco (Canada). Miniloggers (see section 6.2.vii). 
11.7 Telemetry tags 
• The Lotek (Canada) temperature and muscle activity radio tags (see sections 
7.2.1.iand7.2.2.v). 
• The Sonotronics temperature and pressure acoustic tags ( see sections 7.2. l.i and 
7.2.1.ii). 
• The Vemco temperature, pressure and heart rate acoustic tags (see sections 7.2. l.i 
and 7.2. l.ii and 7.2.2.iv). 
MAFF has also designed and used a range of other equipment in studies offish in 
freshwater, estuaries and the sea. These include: 
• 300kHz micropinger acoustic tag (see section 3.2. l.iii) 
• Telemetry tags (see sections 7.2. l.ii, 7.2. l.iii, 7.2.2.L 7.2.2.iv) 
• Ffigh Resolution Tracking System (see section 5.2.1). 
For various reasons (e.g. limited supply or limited demand) these systems have not 
been put on the open market, although it is conceivable that some of this equipment 
may become commercially available in the future. However, this equipment has 
generally been designed for use on problems and in sites of direct interest to NRA. 
They may also operate with or incorporate some of the equipment widely used by 
NRA at present. The smolt tag and the High Resolution Tracking System have also 
been used (or are being used) in collaborative studies with the NRA. The NRA will 
therefore probably consider it appropriate to include these items in the list of 
equipment that should be evaluated. 
In addition to the equipment outlined above, a further evaluation of the potential of 
satellite tracking systems for fishery studies may be necessary in relation to the 
requirements of the NEA to track fish in coastal waters and the open ocean. The PIT 
system with its unique coded tags may also have an application in relation to the 
tracking requirements of the NRA. Further evaluation of these systems would require 
the NRA to define more precisely the type and scope of individual research 
programmes. 
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12. OUTLINE OF EVALUATION OF TRACKING EQUIPMENT (FOR 
PHASE 2). 
The following specifications for the detailed evaluation of the tracking equipment have 
been categorised into laboratory tests, field trials and biological evaluation. 
Laboratory tests will primarily address the technical specifications of the equipment. 
This will require various specialised test gear and facilities, however it will be up to the 
contractor for Phase 2 of the study to decide exactly how this part of the evaluation 
would be undertaken. The field trials will examine both the operation of the equipment 
in a working environment and the way it functions. This would therefore involve 
considerations of how rugged the equipment is and how easy it would be to use during 
field based tracking studies. This must therefore be carried out by personnel with 
extensive knowledge and experience of tracking in a wide range of situations and 
environments. Evaluation of transmitters will include biological evaluation of the 
physical characteristics of the equipment and its likely effects on the fish. It will not be 
possible (under the Animals (Scientific Procedures) Act 1986) to carry out studies on 
live fish without obtaining the necessary licences. At present it is not known whether 
the licences would be issued for such a study. This part of the evaluation would 
therefore benefit from being carried out by biologists with extensive experience of 
tracking fish using different tag attachment and handling procedures. 
Evaluation of Equipment, Laboratory and Field Trials. 
i. Radio Transmitters: 
Laboratory Tests: 
• Operating frequency within the Medical and Biological Band (173.7 - 174 MHz) 
• Effective Radiated Power (ERP) - dB/luPa/lm 
• Polar Plot 
• Vertical and horizontal polarisation 
• Modulation 
• Pulse length duration 
• Stability of frequency and pulse rate 
Field Tests: 
• Range in air and water 
• Range under varying flow conditions 
• Range under varying conductivity conditions 
Biological Considerations: 
• Physical characteristics of transmitter (size, shape and weight) 
• Method of attachment 
• Possible effects on behaviour and survival 
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ii. Acoustic Transmitters: 
Laboratory Tests: 
• Operating frequency 
• Acoustic source level - dB/luPa/lm 
• Polar plot of transducer 
• Beam angle 
• Modulation 
• Pulse length duration 
• Repetition rate 
Field Tests: 
• Range in water 
• Range under varying flow conditions 
• Range under varying conductivity conditions 
Biological Considerations: 
• Physical characteristics of transmitter (size, shape and weight) 
• Method of attachment 
• Possible effects on behaviour and survival 
ill. Radio Receivers and Data Loggers 
Receivers and Data Loggers will be assessed in the laboratory and in the field. 
Laboratory Tests: 
• Frequency range (173.7 - 174 MHz). 
• Tuning in 100 Hz-1 kHz steps. 
• Minimum discernible signal (dBm). 
• Noise (dB). 
• Frequency stability. 
• Operating voltage and battery operating lifetime. 
• Software availability and memory. 
Field Tests: 
• Automatic recording capabilities 
• Size and weight. 
• General ruggedness and waterproofing. 
iii. Acoustic Receivers and Data Loggers 
Acoustic receivers and Data Loggers will be assessed in the laboratory and in the 
field. 
Laboratory Tests: 
• Operating frequency range 
• Sensitivity 
• Minimum discernible signal (dBm). 
. Noise (dB). 
• Frequency stability. 
• Operating voltage and battery operating lifetime. 
• Software availability and memory. 
Field Tests: 
• Automatic recording capabilities 
• Size and weight. 
• General ruggedness and waterproofing. 
iv. High Resolution Positioning Systems. 
High Resolution Positioning Systems will be assessed in the laboratory and in the field. 
• Operating frequency. 
• Resolution. 
• Software availability and memory. 
• Automatic recording capabilities. 
• Vertical and horizontal fixing capabilities. 
v. Data Storage and Archival Tags. 
Data Storage and Archival Tags will be assessed in the laboratory and in the 
field. 
Laboratory Tests: 
• Sensors 
• Resolution of sensors 
• Accuracy of position fixing. 
• Operating voltage and battery operating lifetime. 
• Software availability and memory. 
Field Tests: 
• Accuracy of position fixing under different conditions. 
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vi. Telemetry Transmitters. 
Transmitters will be assessed under three categories. These are 
1. Laboratory Tests 
2. Field Tests 
3. Biological Considerations. 
Laboratory Tests: 
• Operating frequency within the Medical and Biological Band (173.7 - 174 MHz) 
. Effective Radiated Power (ERP) - dB/1 uPa/ lm 
• Polar Plot 
• Vertical and horizontal polarisation 
• Modulation 
• Pulse length duration 
• Sensitivity 
• Resolution of sensors 
Field Tests: 
• Range in air and water 
• Range under varying flow conditions 
• Range under varying conductivity conditions 
Biological Considerations: 
• Physical characteristics of transmitter (size, shape and weight) 
• Method of attachment 
• Possible effects on behaviour and survival 
13. OUTLINE OF COSTS OF EQUIPMENT EVALUATION (PHASE 2) 
The evaluations of the equipment listed in Section 11 will involve equipment, travel 
and manpower costs. The purchase prices of the items of equipment to be evaluated 
are given in Annex 6. The total cost of those items for which prices are available is 
£77451 (including VAT). This is based on the purchase of two of each of the tags 
(except the Archival Tags) and one of each of the remaining pieces of equipment. This 
does not include the cost of items developed by MAFF for which prices were not 
available at the time of preparing this report (e.g. the Data Storage Tag) or which have 
not been supplied commercially (e.g. smolt tag and High Resolution Tracking System). 
Clearly, if equipment could be loaned or hired it should be possible to reduce tibie 
overall cost. However, such arrangements would have to be made between the 
contractor and the manufacturers. 
Similarly, it may be possible to evaluate some equipment by visiting the manufacturers. 
The disadvantage of this approach is that the tests will not be carried out in the typical 
environments for which the equipment is required by the NRA. In addition it will be 
difficult to conduct comparative evaluations of other manufacturers equipment under 
such circumstances. However, there are likely to be some situations where it will not 
be cost effective or practical for the contractor to evaluate the equipment in UK, and in 
such circumstances it may be necessary to visit North America or Scandinavia. This 
will depend upon negotiations between the manufacturers and the contractor. 
As noted in Section 12, it is important that the evaluation is carried out by a team with 
extensive technical and biological experience offish tracking. The time that would be 
required by the contractor and any additional costs will depend upon many factors, 
including the final list of equipment that the NRA wanted evaluated, where the group 
is based and the availability and cost to them of suitable laboratory and field facilities. 
However, as a guide, the potential time involved in laboratory, field and biological 
testing and evaluating the equipment could be in the region of: 
Radio transmitters 25-30 man days 
Acoustic transmitters 30-35 man days 
Radio receivers and data loggers 30-35 man days 
Acoustic receivers and data loggers 30 - 35 man days 
Archival tags 10-15 man days 
High resolution position fixing 10-15 man days 
Telemetry transmitters 12-15 man days 
• Report 30 - 35 man days 
The final detailed costings will need to reflect the above factors, together with the 
contractors costings for staff time. In addition, the costings depend upon the supply of 
the equipment at appropriate times for the tests. If certain pieces of equipment cannot 
be provided to carry out comparative trials, additional time may be needed. The costs 
will also need to reflect any need for visits to manufacturers to test and evaluate certain 
items where availability is restricted 
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ANNEX 1. 
A LIST OF MANUFACTURERS, DEVELOPERS AND 
DESIGNERS OF TRACKING EQUIPMENT REFERRED TO IN 
THE REPORT. 
Aberdeen University (UK) design and develop a range of acoustic and radio 
systems for tracking wildlife. 
Alec Electronics Co. (Japan) produce miniature data recorders. 
ATS - Advanced Telemetry Systems (USA) are a major manufacturer and 
developer of radio tracking equipment for wildlife. 
BioSonics Inc. (USA) produce the Passive Integrated Transponder (PIT) 
products. 
Biotrack Ltd. (UK) produce a range of radio tags for wildlife. 
Custom Telemetry & Consulting Inc. (USA) produce custom built radio and 
acoustic tracking equipment for wildlife. 
Holohil Systems Ltd. (Canada) produce a range of radio tags for wildlife. 
Lotek Engineering Inc. (Canada) are a major manufacturer and designer of radio 
telemetry systems for environmental, industrial and wildlife applications. 
Mariner Radar (UK) produce a range of radio tracking equipment for wildlife. 
Microwave Telemetry Inc. (USA) produce satellite transmitters for wildlife. 
Ministry of Agriculture, Fisheries and Food (UK) design and develop a wide 
range of acoustic and radio systems for tracking fish. 
Northwest Marine Technology, Inc. (USA) produce an archival tag for fish. 
Sirtrack Tracking and Telemetry Systems (New Zealand) produce a range of 
radio tracking equipment for wildlife. 
Smith-Root, Inc. (USA) produce a range of radio tracking equipment for fish. 
Sonotronics (USA) produce a range of acoustic tracking equipment for fish. 
Televilt AB (Sweden) produce a range of radio tracking equipment for wildlife. 
Telonics Inc. (USA) produce a range of radio tracking equipment for wildlife. 
• Toyocom Communications Equipment (Japan) produce satellite transmitters 
for wildlife. 
• Vemco (Canada) are a major manufacturer and developer of acoustic tracking 
equipment for wildlife. 
• Wildlife Computers (USA) produce a range of ininiature data loggers for wildlife. 
• Wildlife Materials Inc. (USA) produce a range of radio tracking equipment for 
wildlife. 
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ANNEX 2. 
MANUFACTURERS OF TRACKING 
AND TELEMETRY SYSTEMS. 
Alec Electronics Co. * 
7-11 Ohoishikita-machi 
Nada Koube 
Japan 657 
Fisheagle * 
Little Faringdon Mill 
Lechlade 
Gloucestershire 
ATS * 
Advanced Telemetry Systems, Inc. 
470 First Ave No 
Box 398 
Isanti 
Minnesota 55040 
USA 
AVM Customs Electronics Inc. 
009 Silver Ct. W. 
Urbana 
Illinois 61801 
USA 
AVM Instrument Co.Ltd 
Livermore 
CA 94550 
USA 
BioSonics Inc. * 
3607 Stone Way N. 
Seattle 
Washington 98103 
USA 
Biotrack Ltd * 
Stoborough Croft 
Wareham 
Dorset 
BH20 5AJ 
Custom Telemetry & Consulting Inc.* 
1050 Industrial Drive 
Watkinsville 
GA 30677 
USA 
DSI* 
Data Sciences GmbH 
Carl-Goerdeler-Strasse 5c 
D-60320 
Frankfurt a.M. 
Holohil Systems Ltd. * 
3387 Stonecrest Road 
Woodlawn 
Ontario 
Canada K0A 3M0 
LAB-Core Systems 
Olympia 
Washington 
USA 
Lotek Engineering Inc. * 
115 Pony Drive 
Newmarket 
Ontario L3Y 7B5 
Canada 
Mariner Radar 
Bridleway 
Camp sheath 
Lowestoft 
Suffolk NR32 5DN 
Microwave Telemetry Inc. * 
6214 Satan wood Drive 
Columbia 
MD 21044 
USA 
Microwave Telemetry Inc. * 
8945 Guilford Road 
Suite 120 
Columbia 
Maryland 21046 
USA 
Mini Mitter * 
PO Box 3386 
Sunriver 
Oregon 97707 
USA 
Northwest Marine Technology, Inc. * 
Shaw Island 
WA 98282 
USA 
Pentec Environmental Inc. 
120 West Drayton Suite A7 
Edmonds 
Washington 98020 
USA 
Sirtrack Tracking and Telemetry 
Systems * 
Private Bag 1403 
Goddard 
Lane 
Havelock North 
New Zealand 
SEVTEF* 
N 7034 Trondheim 
NTH 
Norway 
Smith-Root, Inc. * 
Products for Fisheries Conservation 
14014 NE Salmon Creek Avenue 
Vancouver 
Washington 98686 
USA 
Sonotronics * 
1130 E. Pennsylvania St. 
Suite 505 
Tucson 
Arizona 85714 
USA 
Televilt AB * 
PI. 5226 
S-71700 Stora 
Sweden 
Telonics Inc. * 
932 E Impala Avenue 
Mesa 
Arizona 85204-6699 
USA 
Toyo Communications Equipment * 
20-4 
NisMs-Shimbashi 3-chome 
Minato-ku 
Tokyo 105 
Japan 
Vemco * 
3895 Shad Bay 
RR. #4 Armdale 
Halifax County 
Nova Scotia B3L 4J4 
Canada 
Wildlife Computers * 
20630 NE 150th Street 
Woodinville 
WA 98072-7641 
USA 
Wildlife Materials Inc. * 
Route 1 
Box 427A 
Carbondale 
Illinois 62901 
USA 
Mr J.J. Ducamp 
48ter Avenue de Paris 
79000 NIORT 
France 
* denotes commercial manufacturers of 
tracking equipment who provided details 
of their products. 
ANNEX 3. 
USERS OF TRACKING AND 
TELEMETRY SYSTEMS. 
Dr C.J. Amlaner, Jr. 
Dept. of Biological Science 
Room SE632 
University of Arkansas 
Fayetteville 
Arkansas 72701 
USA -
Dr J. M. Anderson * 
Atlantic Salmon Federation 
Box 429 
St. Andrews 
New Brunswick 
Canada EOG 2X0 
Dr. Jean Luc Bagliniere * 
INRA 
Centre de Recherche Agronomique 
Laboratoire d'Ecologie Hydrobiologiqi 
65, rue de Saint-Brieuc 
35042 Rennes Cedex 
France 
Ofer Bahat * 
Department of Zoology 
Tel-Aviv University 
Ramat-Aviv 
69978 
Israel 
Dr. E. Baras * 
Laboratory of Fish Demography and 
Aquaculture 
Department of Animal Ethology 
University of Liege 
10, Chemin de la Justice 
B-4500 Tihange 
Belgium 
Rickard Bjerselius * 
Department of Zoophysiology 
Uppsala University 
Norbyvagen 18 A 
S-752 36 Uppsala 
Sweden 
Dr Bertil Borg 
Department of Zoology 
University of Stockholm 
S-106 91 Stockholm 
SWEDEN 
Dr Catherine Brugel 
Conseil Superieur de la Peche 
Delegation Regionale Auvergne-
Limousin 
RN89 Marmilhat 
63370 Lempdes 
France 
The Director * 
CSIRO Division of Fisheries 
GPO Box 1538 
Hob art 
Australia 
Murrey E. Douglas * 
Science and Research Division 
Department of Conservation 
PO Box 10-420 
Wellington 
New Zealand 
Dr. Arill Engas 
Fish Capture Division 
Institute of Marine Research 
Ministry of Fisheries 
P.O. Box 1870Nordnes 
N-5024 Bergen 
Norway 
Mr Jaako Erkinaro * 
Teno River Research Station 
FIN-99980 Utsjoki 
Finland 
Dr. Klaus-Michael Exo * 
Institut fur Vogelforschung 
An der Vogelwarte 21 
D-26386 Wilhelmshaven 
Germany 
S. Fioretti 
Diparrtmento di Elettronica ed 
Automatica - Universita di Ancona 
Via Brecce Bianche 
60131 
Ancona 
Italy 
Dr. Hellmuth Forstner * 
Institut fur Zoologie 
Unrversitat Innsbruck 
TechnikerstraBe 25 
A-6020 Innsbruck 
Austria 
Make Fuhrmann * 
Silberbachstrasse 2 
D-65232 TAUNUSSTEIN 
Germany 
Adam Gonczi 
Fiskeriverket National Board of Fisheries 
St Torget 3 
S87130 Harnosand 
Sweden 
Dr. Marianne Holm * 
Senior Scientist 
Head of Marine Enhancement Division 
Department of Aquaculture 
PO Box 1870 Nordnes 
N-5024 Bergen 
Norway 
Mr H. i. Jakupsstovu * 
Fiskrrannsoknarst o van 
PO Box 3051 
Noatun 
FR-llOTorshavn 
Faroe Islands 
Denmark 
Dr. R. Kaufman * 
Institut fur Zoologie 
Universitat Innsbruck 
Technikerstrafie 25 
A-6020 Innsbruck 
Austria 
Dr V.B. Kuechle 
Cedar Creek Laboratory 
University of Minnesota 
St Paul 
MN55108 
Minnesota 
USA 
Kjell Langdal 
HDH Evensted 
2480 Koppang 
Norway 
J.-P. Largardere * 
CNRS-IFREMER 
Crema-L'Houmeau 
BP5 
17137 
L'Hommeau 
France 
Gerd Marmulla * 
Landesanstalt flier Fischerei 
Nordrhein-Westfalen 
Grafweg 5 
D-57368 Lennestadt 
Germany 
Dr. I D . McCleave * 
Department of Oceanography and 
Zoology 
University of Maine 
Orono 
Maine 04469 
USA 
Dr. Ghislaine Monet 
Ministere de 1' Agriculture 
INRA 
bp 511 
75, av de Corzent 
74 203 Thonon-Les-Bains 
France 
Finn Okland 
NINA 
Tungasletta 2 
N-7005 Trondheim 
Norway 
Mild Ogura* 
National Research Institute of Far Seas 
Fisheries 
Japan Fisheries Agency 
5-7-1 
Orido 
Shimizu 
Japan 424 
Armin Peter * 
EAWAG 
Limnological Research Center 
CH-6047 Kastanienbaum 
Switzerland 
Dr. Tom Polachek 
CSIRO Division of Fisheries 
GPO Box 1538 
Hobart 
Australia 
Ingebrigt Uglem 
Institute of Marine Research 
Lobster Hatchery 
N-7200 Kyrksaterora 
Norway 
Abraham bij de Vaate * 
Project Manager Biological Research 
PO Box 17 
8200 AA Lelystad 
Maerlant 16 
The Netherlands 
Dr. Haken Westerberg * 
Department of Oceanography 
University of Gothenberg 
PO Box 4038 
S-400 40 
Gothenberg 
Sweden 
Dr I.M. Priede * 
University of Aberdeen 
Department of Zoology 
Tillydrone Avenue 
Aberdeen 
AB9 2TN 
Dr M. Fedak 
Sea Mammal Research Unit 
British Antartic Survey 
Madingley Road 
Cambridge 
CBS OET 
Dr T.P. Quinn 
Fisheries Research Institute WH-10 
University of Washington 
Seattle 
Washington 98195 
USA 
* denotes users of tracking equipment 
who provided information for the report. 
Professor Watura Sakamoto * 
Department of Fisheries 
Faculty of Agriculture 
Kyoto University 
Kyoto Japan 606 
Dr A. Uchiyama 
School of Science and Engineering 
Waseda University 
3-4-1 Ohkubo 
Shinjyu-ku 
Tokyo 169 
Japan 
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(Humboldt-Universitaet) 
Institute fuer Gewaesseroekologie und 
Binnenfischerei 
Mueggelseedamm 310 
12587 Berlin 
Germany 
Tel/Fax: 030-645-2803 
RalfBogel 
Dipl. Biol. 
National Park Berchtesgaden 
Doktorberg 6 
83471 Berchtesgaden 
Germany 
Tel: 49-8652-9696-44 
Fax: 49-8652-9686-40 
Juergen Eberstaller 
BOKU 
University of Agriculture 
Department of Hydrobiology, Aquaculture 
and Fisheries 
Feistmantelstrasse 4 
A-1180 Vienna 
Austria 
Tel: 43-1-47654-5205 
Fax: 43-1-3195670 
Dr Hellmuth Forstner 
Inst fuer Zoologie 
Universitaet Innsbruck 
Technikerstrasse 25 
A-6020 Innsbruck 
Austria 
Tel: (43)-512-218-5304 
Fax: (43)-512-218-5358 
NNA WORKSHOP 
Dr Marco Bianchini 
RAISA 
Consiglio Nazionale delle Richerche 
Via Tiburtina 770 
00159 Roma 
Italy 
Tel: 396-407-5893 
Fax: 396-407-5883 
Catherine Brugel 
Conseil Superieur de la Peche 
Delegation Regionale Auvergne-Iimousin 
RN89 Marmilhat, 63370 Lempdes 
France 
Tel: 73-90-26-26 
Fax: 73-90-96-14 
Etienne Baras 
University of Liege 
Lab. Fish Demography and Aquaculture 
10 Chernin de la Justice 
B-4500 Tihange 
Belgium 
Tel: 32-85-21-48-69 
Fax: 32-85-23-60-91 
Frank Fredrich 
Institut fuer Gewaesseroekologie und 
Binnenfischerei 
Mueggelseedamm 310 
12587 Berlin 
Germany 
Telr/Fax: (030)654 2803 
Peter Gollmann 
Bundesanstalt fuer Fischereiwirtschaft 
Scharfling 18 
A-5310Mondsee 
Austria 
Tel: (43) 06232/3848 
Fax: (43)6232/3847-33 
Dr Alois Herzig 
Government of the Province of Burgenland 
Biological Stn. Neusiedler See 
A-7142 nimitz 
Austria 
Tel: 02175-232829 
Fax: 02175-232810 
Detlev Ingendahl 
University Koeln 
Silvan-Str. 9 
50678 Koeln 
Germany 
Tel: 0221/317527 
Fax: 02723/77977 
Dr R Kaufmann 
Department of Zoology 
University of Innsbruck 
Technikestr. 25 
A-6020 Innsbruck 
Austria 
Tel: (43)512-218-5356 
Fax: (43)512-218-5358 
Andreas Kranz 
Institut fuer Wildbiologie 
Peter Jordan Strasse 76 
A-l 190 Vienna 
Austria 
Tel: 43-1-47654-4450 
Fax: 43-1-3692073 
Helmut Kummer 
BOKU 
Dept. of Hydrobiology, Aquaculture and 
Fisheries 
Feistmantelstrasse 4 
A-1180 Vienna 
Austria 
Tel: 43-1-47654-5213 
Fax: 43-1-3195670 
Dr C Gosset 
Ministere de 1' Agriculture, INRA 
B P 3 
64310 Sr. PEE. SUR. NTVEULE 
France 
Tel: (33)59-51-59-83 
Fax: (33)59-54-51-52 
Franz Hoelker 
Inst of Hydrobiology and Fishery Science 
Elbelabor 
Grobe Elbstrasse 268 
22767 Hamburg 
Germany 
Tel: (49)40-389115-18 
Fax: (49)40-389115-20 
Georges Janeau 
Ministere de 1'Agriculture, INRA 
B P 3 
64310 Sr. PEE. SUR. NTVELLE 
France 
Tel: (33)59-51-59-83 
Fax: (33)59-54-51-52 
Orazio Laudi 
ENEL-DSR-CRAM 
Via Monfalcone 15 
20132 Milan 
Italy 
Tel: (39)-2-7224-3412 
Fax: (39)-2-7224-3496 
Sante Ansferri 
La Casella Acquacoltura Ltd 
28010 Sarmato (PC) 
via Argine del Ballotino 
Italy 
Tel/Fax: (39)523-887507 
Dr Ernst Mikschi 
Naturhistorisches Museum 
Burgring7 
A-1014 Vienna 
Austria 
Tel: (43) 1-152177-212 
Fax: (43)1-935254 
Dr Ghislaine Monet 
Ministere de 1'Agriculture, INRA 
BP511 
75 av de Corzent 
74 203 Thonon-les-Bains 
France 
Tel: (33) 50-26-78-00 
Fax: (33)50-26-07-6X3 
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Landesanstalt fuer Fischerei 
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D-57368 Lennestadt 
Germany 
Tel: 02723/77918 
Fax: 02723/77977 
Dr Andy Moore 
MAFF 
Directorate of Fisheries Research 
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Lowestoft 
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England 
Tel: 0502 562244 
Armin PETER 
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CH-6047 Kastanienbaum 
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AFRC Institute of Grassland and 
Environmental Research 
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Dr Klaus Scheibe 
Institute for Zoo Biology and Wildlife 
Research 
10315 Berlin A Kowalkestr. 17 
Germany 
Tel: (49)-30-5168601 
Fax: (49)-30-5126104 
Thomas Schleusener 
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Arne Follestad 
NINA 
Tungasletta 2 
N-7005 Trondheim 
Norway 
Tel: 47-7-58-05-00 
Fax: 47-7-91-54-33 
Adam Gonczi 
Fiskeriverket National Board of Fisheries 
St Torget 3 
S87130Harnosand 
Sweden 
Tel: 46-61118250 
Fax: 46-61117955 
Dag Karlsen 
University of Trondheim, The Museum 
Erling Skakhesgt 47 
N-7004 Trondheim 
Norway 
Tel: 47-735-92289 
Fax: 47-735-92295 
Morten Kraabol 
University of Trondheim, The Museum 
Erling Skakhesgt 47 
N-7004 Trondheim 
Norway 
Tel: 47-735-92289 
Fax: 47-735-92295 
Tor Kvam 
NINA 
Tungasletta 2 
N-7005 Trondheim 
Norway 
Tel: 47-7-58-05-00 
Fax: 47-7-91-54-33 
Kjell Langdal 
HDHEvenstad 
2480 Koppang 
Norway 
Tel: 624-63000 
Fax: 624-63230 
Finn Okland 
NINA 
Tungasletta 2 
N-7005 Trondheim 
Norway 
Tel: 47-7-58-05-00 
Fax: 47-7-91-54-33 
Dag Olsen 
Trondheim University, The Museum 
Erling Skakkesgt 47 
N-7004 Trondheim 
Norway 
Tel: N/A 
Fax: N/A 
Bill Purvis 
NRA 
United Kingdom 
Address: N/A 
Lars Ronning 
University of Trondheim, The Museum. 
Erling Skakkesgt 47 
N-7004 Trondheim 
Norway 
Tel: 47-73592286 
Fax: 47-73592295 
Marrie Kylmaaho 
Finnish Game and Fisheries Research 
Inari State Fish Farm 
FIN-99870 Inari 
Finland 
Tel: 697-51007 
Fax: 697-51359 
Kjell Moen 
Fylkesmannen L Finnmark 
Damsvn. 1 
9800 Vadso 
Norway 
Tel: N/A 
Fax: N/A 
Frode Olsen 
Telemobile 
Address: N/A 
Tel: N/A 
Fax: N/A 
Hans Petersen 
NINA 
Tungasletta 2 
N-7005 Trondheim 
Norway 
Tel: 47-7-58-05-00 
Fax: 47-7-91-54-33 
Pascal Roche 
CSP 
France 
Address: N/A 
Rita Strand 
NINA 
Tungasletta 2 
N-7005 Trondheim 
Norway 
Tel: 47-7-58-05-00 
Fax: 47-7-91-54-33 
Eva Torstad Ingebrigt Uglem 
NINA Institute of Marine Research 
Tungasletta 2 Lobster Hatchery 
N-7005 Trondheim N-7200 Kyrksaterora 
Norway Norway 
Tel: 47-7-58-05-00 Tel: 47-7-2451729 
Fax: 47-7-91-54-33 Fax: 47-7-2452960 
ANNEX 6. 
The costings for the purchase of the equipment from the manufacturers outlined for 
evaluation are given below. The costs for the radio, acoustic and telemetry transmitters 
include the purchase of two of each item. Conversion of foreign currency to Sterling 
was carried out using the pubhshed tourist rates on 24th May 1994. All costs include 
VAT and the companies freight and handling charges. 
i. Radio Transmitters: 
ATS (USA) Miniature and Implantable Tags 
Televilt (Sweden) Implantable Tags 
Telonics (USA) FIS-040/050 Tags 
Lotek (Canada) Mini Tags and Coded Tags 
MAFF (England) SALS and SAL4 
DTI Test Licence 
£440 
£246 
£750 
£632 
£232 
£100 
ii. Radio Receivers: 
ATS (USA) R2100/R4000/DCC H Data Computer 
Lotek (Canada) SRX_400 
Televilt (Sweden) RX-900 
MAFF (England) Automatic Listening Station 
£5985 
£5239 
£2650 
£1260 
ill. Acoustic Transmitters: 
Sonotronics (USA) Coded / Mini / High Power Tags 
Vemco (Canada) V8 / V16 / V22 Tags 
MAFF (England) Pinger and Smolt Tags 
MAFF (England) Combined Acoustic and Radio Tag 
£2426 
£1718 
£ 840 
£ 418 
iv. Acoustic Receivers: 
. Sonotronics (USA) USR-5W / USR-90 / DR92 Data Decoder £4202 
. Vemco (Canada) VR60 / VR20 Monitor ' £7415 
• Lotek (Canada) Ultrasonic Upconverter for SRX_400 Receiver £ 589 
• MAFF (England) Acoustic Sonar Buoy £1324 
v. Telemetrv Transmitters: 
Lotek (Canada) EMG / Temperature Tags £ 1288 
Sonotronics (USA) Temperature / Pressure Tags £1136 
Vemco (Canada) Temperature / Pressure / Heart Rate Tags £4616 
MAFF (England) Compass / Heart Rate / Pressure / Tail Beat POA 
vi. Archival Tags: 
. NMT (USA) Archival Tag £ 853 
. Wildlife Computers (USA) Mk5 Dive Recorder £ 1365 
. CSIRO (Australia) Archival Tag £ 700 
• Vemco (Canada) Miniloggers £ 687 
• MAFF (England) Data Storage Tag POA 
vii. High Resolution Tracking Systems: 
• Vemco (Canada) Radio Linked Acoustic Positioning System £30198 
• MAFF (England) High Resolution Tracking System POA 
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Table 2. Details of Coded Radio Tags 
Table 3. Details of Manual (Handheld) Radio Receivers 
Manufacturer 
Advanced Telemetry 
Systems, Inc. 
Lotek Engineering Inc. 
Telonics 
Televilt 
Custom 
Electronics 
of Urbana Inc. 
Model 
Fieldmaster 16 
R2000 
S T R J 000 
TR-2 
TR-4 
RX-8910HE 
CE 12 
• Merlin 12 
Dimensions 
L W H 
(mm) (mm) (mm) 
140 
210 
180 
180 
90 
250 
100 
170 
100 
110 
200 
11.7 
170 
45 
220 
110 
900 
180 
90 
5.1 
45 
40 
105 
70 
Weight 
(Kg) 
1 
2.3 
2.2 
0.86 
0 .425 
0.5 
1.35 
1 
Frequency 
(MHz) 
1 4 0 - 218 
30 - 220 
30 - 220 
1 4 8 - 2 1 8 
Various 
1 4 2 - 2 3 0 
30 - 220 
30 - 220 
Resolution 
(kHz steps) 
10 
1 
1 
10 
5 
1 
5 
Sensitivity 
(dBm) 
-150 
-150 
-150 
-150 
-150 
-133 
-147 
.-147 
Power 
Requirements 
(v) 
9 to 18 
9 to 18 
12 to 1 8 
12 to 20 
12 to 30 
9 
8 to 15 
8 to 15 
Price 
$ 
1475 
737 
750 
800 
Blank entries indicate that no information was available. 
Table 3. (cont'd) Details of Manual (Handheld) Radio Receivers 
Manufacturer 
Wildlife Materials Inc. 
Mariner Radar 
Yaesu 
Model 
Falcon Five 
TRX-10S 
TRX-64S 
TRX-1000S 
TRX-2000S 
M-57 
FT 290 
Dimensions 
L W H 
(mm) (mm) (mm) 
205 
145 
150 
175 
175 
120 
195 
138 
74 
100 
113 
100 
220 
150 
124 
67 
60 
100 
113 
93 
58 
Weight 
(Kg) 
0.9 
0.45 
0.9 
0.9 
0.9 
2.5 
1.3 
Frequency 
(MHz) 
25 - 2 2 5 
1 4 8 - 2 2 2 
2 1 6 - 223 
1 5 0 - 2 2 1 
1 4 0 - 2 2 1 
140 to 2 3 0 
1 7 3 . 7 - 174.0 
Resolution 
(kHz steps) 
1 
5 
5 
1 
1 
0.1 
Sensitivity 
(dBm) 
-150 
-147 
-149 
-149 
-150 
-144 
-148 
Power 
Requirements 
(v) 
9.6 to 18 
1 2 to 14 
12 to 14 
12 
12 
Price 
Blank entries indicate that no information was available. 
i 
Table 4. Details of Automatic and Datalogging Radio Receivers 
Manufacturer 
ATS 
Advanced Telemetry 
Systems, Inc. 
Lotek Engineering Inc. 
Televilt 
Smith Root inc. 
Wildlife Materials Inc. 
Model 
R2100 
R4000 
ATS DCC II 
(datalogger) 
S R X 4 0 0 
RX-900 
RF-40 
SR-40 
FDL-15P 
APS-164 
Di 
L 
(mm) 
210 
210 
210 
200 
240 
254 
254 
204 
mensions 
W H 
(mm) (mm) 
110 
110 
110 
220 
90 
204 
204 
l138 
180 
180 
180 
88 
45 
102 
102 
70 
Weight 
(Kg) 
2.3 
2.3 
1.36 
3.2 
0.65 
2.4 
2.4 
0 .908 
Frequency 
(MHz) 
30 - 220 
30 - 220 
N/A 
30 - 220 
40 - 800 
20 - 200 
1 2 - 2 0 0 
25 - 225 
Resolution 
(kHz steps) 
1 
1 
N/A 
1 
0.1 
1 
10 
1 
Sensitivity 
(dBm) 
-150 
-150 
N/A 
-133 
-139 
-143 
0.2 microvolt 
-150 
Power 
Requirements 
(v) 
9 to 18 
9 to 18 
6 to 20 
11 to 18 
12 to 15 
12 
12 
12 
9.6 to 18 
Price 
$ 
4009 
Blank entries indicate that no information was available. 
Table 5. Details of Acoustic Pinger Tags 
Manufacturer 
Aberdeen 
University 
MAFF 
Sonotronics 
Stirling 
University 
Vemco 
Type 
Standard 
Standard 
Smolt 
Mini 
Crystal 
high power 
Stirling 
V8 Series 
Model 
76 or 300 
300 
MT-91-1 
MT-91-2 
XTAL-87 
MK VI 
V8-1L 
V8-2L 
V8-3L 
Dimensions 
L W H 
(mm) (mm) (mm) 
55 
51 
17 
33 
40 
66 
55 
33 
38 
38 
16 
16 
8 
8 
9 
16 
12 
8 
8 
8 
16 
16 
8 
8 
9 
16 
12 
8 
8 
8 
Weight 
in air 
(g) 
14.9 
1.3 
2.5 
3 
9 
4.3 
5.3 
5.1 
Weight 
in water 
(g) 
10 
0.35 
1.2 
2.7 
3.5 
3.3 
Freq" 
(kHz) 
77 
71 to 86 
300 
75 
75 
32 to 77 
250 - 270 
65.5, 69, 76.8 
65.5, 69, 76.8 
65.5, 69, 76.8 
Pulse 
Rate 
(ppm) 
30 - 300 
20-120 
20-120 
60 
60 
60 
Battery 
(v) 
Li 
Li 
Ag'O 
Ag'O 
Ag'O 
Battery 
Life 
(days) 
30 
30 
30 
15 
47 
40 
10 
21 
3 
Range 
(m) 
300 
120 
500 
500 
3000 
220 
Fresh 
water 
Blank entries indicate that no information was available. 
1 
o < 
o n> 
p. o 
D> 
C 
CU 
n 
r+ 
c 
05 
CO 
< < < < < < < < < < 
—* i —* i — i > —* i —» —i 
0 3 0 3 0 3 0 3 0 3 0 ) 0 3 0 ) 0 3 0 3 
• ,
u
 i i ' i ' i • I 
O J O l O l o i - P ' i . U u - ' - ' 
X i - X i - I i - X r - X r -
< < < < < < < < < < < < 
0 5 0 3 0 3 0 5 0 5 0 5 0 5 0 ) 0 5 0 3 0 3 0 3 
C f 3 0 3 c r i o i - f i i i C o w N 5 r o - - » - ^ 
X r - X r - X i - X r - X r - X r -
o o o o 
05 O) 00 00 
03 CO s j s i O) CD 
O O •&• •£> M N3 
t D C 0 C D ( D 0 ) 0 ) O 1 0 1 ( J 1 0 l 4 i - f i 
O O N 3 N 5 C J l C n C O O O N 3 r o C X 3 C n 
0 5 0 5 0 5 0 ) 0 3 0 3 0 5 0 3 0 3 0 ) 0 ) 0 3 0 5 0 5 0 5 0 3 0 3 0 ) 0 5 0 5 0 3 0 3 
0 3 0 3 0 3 0 3 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 5 0 3 0 3 0 3 0 3 0 ) 0 ) 0 ) 0 5 0 ) 0 ) 0 3 
O l U 1 0 0 C 0 t O I O ^ - P > CD tD •£»•£» 03 05 O O —» —> O O CD CD 
^j t n o i g 
00 c o g
 M . 
0 5 0 ) 0 ) 0 ) 0 5 0 ) 0 ) 0 ) 0 ) 0 ) 
O O O O O O O O O O 
0 ) 0 ) 0 ) 0 ) 0 5 0 5 0 5 0 5 0 5 0 5 0 5 0 ) 
O O O O O O O O O O O O 
> > > > 
r r r r r r i o o i Q i D 
" " " " " **"*
 —
* * " ' " * * ' M M M M 
o o o o 
> > > > > > 
CQ ( Q ( Q CO CO CO 
M M W M K) N 
o o o o o o 
CD -vj 
O) O) 
03 N) 05 
03 
M M -f> 
03 O •£> 
-
1
 -^ OJ - 1 co s i g? en 
03 0 3 ^ 0 
03 
CO 
ro —> co NO -p» 
as ro -p- o •£> 
Table 5. (cont'd) Details of Acoustic Pinger Tags 
Table 6. Details of Acoustic Transponder Tags 
Manufacturer 
Aberdeen University 
MAFF 
Type 
Standard 
Sector Scanning 
Dimensions 
L W H 
(mm) (mm) (mm) 
65 
59 
16 
15 
16 
15 
Weight in 
air 
(g) 
17.6 
Frequency 
(kHz) 
77 
300 
Pulse 
Rate 
(ppm) 
30 to 300 
20 to 120 
Battery 
Life 
(days) 
30 
6 
Range 
m 
1300 
400 
Blank entries indicate that no information was available. 
1 
Table 7. Details of Coded Acoustic Tags 
Manufacturer 
Sonotronics 
Type 
Coded 
High power 
Model 
CT-82-1 
CT-82-2 
CT-82-3 
CHP-87-S 
CHP-87-L 
Dimensions 
L 
(mm) 
37 
60 
65 
65 
100 
W 
(mm) 
16 
16 
18 
18 
18 
H 
(mm) 
16 
16 
18 
18 
18 
Weight 
in air 
(g) 
4 
8 
8 
8 
12 
Weight 
in water 
(g) 
Frequency 
(kHz) 
75 
75 
75 
75 
75 
Pulse 
Rate 
(ppm) 
Battery 
(v) 
Battery 
Life 
(days) 
40 
425 
1520 
212 
547 
Range 
(m) 
1000 
1000 
1000 
3000 
3000 
Blank entries indicate that no information was available. 
1 
Table 8. Details of Acoust ic Receivers 
Table 9 Details of Combined Acoustic and Radio Tags (CARTs) 
Manufacturer 
MAFF 
(H.S. Electonics) 
Aberdeen 
University 
Type 
CART 
CART 
Dimensions 
L 
(mm) 
70 
55 
W 
(mm) 
165 
16 
H 
(mm) 
165 
16 
Weight 
in air 
(g) 
17.8 
Weight 
in water 
(g) 
4.5 
26 
Radio 
Frequency 
(MHz) 
173.7- 174.0 
49 .82 -49 .98 
Acoustic 
Frequency 
(kHz) 
76 
75 
Pulse 
Rate 
(ppm) 
60 
Battery 
Life 
(days) 
273 
30 
DTI 
Type 
Approved 
Yes 
Yes 
Blank entries indicate that no information was available. 
Table 10. Details on Archival or Data Storage Tags 
Table 10. (cont'd) Details on Archival or Data Storage Tags 
Table 10. (cont'd) Details on Archival or Data Storage Tags 
